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ONSOZ

Bu kitapta, reaktor hidroligi, fiziksel, kimyasal ve biyolojik reaksiyonla-
rin miinferit veya beraberce meydana geldigi kapali-acik bir tank, havuz,
gol, deniz, akarsu vb. gibi sistemlerde akiskan olarak su akimmin 6zellik-
lerini inceleyen bir bilim dal1 olarak tanimlanmaktadur.

Reaktor igerisinde meydana gelen bu reaksiyonlarin ve akim 6zellikle-
rinin matematiksel olarak modellenmesi, tiiketilen zaman, isletme mali-
yeti, enerji tasarrufu vs. bakimindan pratik uygulamalarda biiyiik 6nem
arz etmektedir. Diger bir amag ise, Cevre ve Insaat Mithendisligi gren-
cilerinin matematiksel modelleme yeteneklerinin gelistirilmesine katkida
bulunabilmektir. Bu baglamda 6grenciye analitik (Birinci ve ikinci dere-
ceden sabit katsayili homojen diferansiyel denklemler) ve sayisal yon-
temlerin (Euler, Runge-Kutta, Taylor serisi, sonlu farklar, determinasyon
ve korelasyon katsayilari, istatistiksel hata hesabi, hata fonksiyonu (error
function) hesab1, matris ¢oztimii icin Gauss eleme, deneme-yanilma hesabi
icin Newton-Raphson, en kiiciik kareler; lineer ve tissel modeller, Monod,
Arrhenius modelleri vb.) reaktor hidroliginde nasil kullanildigi, en basit
sekliyle anlatilmaya ¢alisilmistir.

Bu kitabin birinci baskisinda akim bir boyutlu (1D) olarak incelenmisti.
Bu yeni baskida iki (2D) ve ti¢ (3D) boyutlu akim da ayr1 bir boltim olarak
ilave edilmistir.

Okuyucu gortis ve onerileri bu kitaptaki eksikliklerin giderilmesine ve
gelistirilmesine buiyiik katk: saglayacaktir.

Bu kitabin 6grencilere ve arastirmacilara faydali olmasini diliyorum.

Galip SECKIN



Aileme



ICINDEKILER

BOLUM 1

TEMEL BiLGILER
1.1.Reaktor Hidroligi TaNIMI ......cccvereenereeeeseeseesseceeeeseesecanse
1.2.Temel Boyutlarve Birimler.......... . .
T 3.YOGUNIUK coeveeereeicessineissssssisssssesssssssssssasssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns
1.4 . Konsantrasyon . . .
1.5 DDttt st
1.6. Aki . ceeres sttt eestaens
1.7 . BEKIETME SUIESi..uviurerrrererreressisseesernsessssssssssssssssssssssssssssssssens
1.8 . Viskozite... ettt bsenas
1.9 IA@AI AKINMN c.ovvrrreeevvvveeeensssssssssssessssssssssssssessssssssssssessssssssssssnssssssssssssssessssssssssssnesssssssses
1.10 ideal Olmayan Akim (Gercek Akim) e s s enenns
1.17 Kararll DUFUM ..reeesessiseesesssessssssssssssssssssssssssssssssssens
1.12 Kararsiz Durum .
1.14 Korunmayan Madde ...

BOLUM 2
REAKTOR HIiDROLIGINDE KULLANILAN MATEMATIKSEL YONTEMLER .......
2. 1. ANAlItiK YONTEMIET ... crerirrrereirerssiseesessseissssssssssssssssssees
2.1.1. Birinci Dereceden Sabit Katsayili Diferansiyel Denklemler...............

2.1.2. ikinci Dereceden Sabit Katsayili Homojen Diferansiyel
Denklemler

2.2, SaYI1SAl YONTEMIET ...oueeeeeeceeereeeceeeeeeeeseeiasesasessseesaseens
2.2.1. Euler Yontemi . 10
2.2.2. Runge-Kutta YONTeMi ....ccouveerrerererernseensesensensenenes 12
2.2.3.Taylor Serisi Yontemi....... 14
2.2.4. Hata HESabl ... eeeeeeeieceeeeceeceseeseeiseeiasesaens .16
2.2.5. Gauss Eleme Yontemi..... 17
2.2.6. Newton-Raphson YONteMi ......c.ceereeevereerneensensenns .23
2.2.7.Taylor Serileri — Sonlu Farklar Yontemi.......... .26
2.2.7.1.Taylor Serilering Girig ......cceeeeeseererrecrnenns ..26
2.2.7.2."a "Katsayisi icin Formil Gelistirilmesi .........coooeeeevevevvnennnn. 27
2.2.7.3. Genel Taylor Serilefi.. i nererrrinnens .28
2.2.7.4.Taylor Serileri Yardimiyla Hatalarin Bulunmasi.................... 30
2.2.8. En KiicUk Kareler YONtemMi......ccvecneeenneeneceneeurenanens .33




vi icindekiler
2.2.8.1. Dogrusal (Lineer) Model 33
2.2.8.1. 1. Determinasyon ve Korelasyon Katsayisi............ 39
2.2.8.2. Ussel Model 41
2.2.8.3. Monod Modéeli.......... 43
2.2.8.4. Arrhenius Modeli... 46
BOLUM 3
iDEAL AKISLI REAKTORLERDE KUTLE DENGESI 49
3.1. Kitle Dengesi i 49
3.1.1. Kararli Kiitle Dengesi Durumu (Kararli Hal) ...... 51
3.1.2. Kararsiz Kiitle Dengesi Durumu (Kararsiz Hal). 51
3.2. Reaktor Tipleri ceeree st essbanees 51
3.2.1. Akissiz Reaktorler 52
3.2.1.1. Tam Karisimli Kesikli Reaktorler 52
3.2.1.2.Yari Kesikli Reaktorler (Ardisik Kesikli Reaktorler).............. 58
3.2.2. ideal AKISII REAKLOFIEE c.u.....covveeeernneerrrrenseeesssssssssnennes 62
3.2.2.1.Tam Karisimli Strekli Akimh Reaktorler 62
3.2.2.2. Tam Karnisimli Strekli Akish Seri Bagli Reaktorler .............. 75
3.2.2.2.1. Fraksiyon (F) Dagihmi 81
3.2.2.3.ideal Piston Akimli Reaktérler . 83
3.3.ideal Piston Akimli Reaktér ile Tam Karisimlhi Siirekli ideal
Akish Reaktor Performansinin Karsilastirilmasi.............. 95
BOLUM 4
GERCEK AKISLI REAKTORLERDE KUTLE DENGESI 97
4.1. Adveksiyon ... . 97
4.2, DiSPEISIYON...vrirrrirrirrirersissssssssssssssssssssssssssssssssssssssssssssssssssssssssses 97
4.3. Kararh Kutle Dengesi Durumu (Kararll Hal) 99
4.4. Kararsiz Kiitle Dengesi Durumu (Kararsiz Hal)............... 111

4.5. Korunan Madde icin Durgun Ortamda Ani Dékiilme

(Enjeksiyon) Halinde Konsantrasyon Degisimi ........c.ccevrerveneeserenns

4.6. Korunan Madde icin Akiml Ortamda Ani Dékiilme

(Enjeksiyon) Halinde Konsantrasyon Degisimi ........c.ccevrervenreserenns

4.7. Korunmayan Madde icin Akimli Ortamda Ani Dékiilme

(Enjeksiyon) Halinde Konsantrasyon Degisimi ........c.ccevrerreneenerenns

4.7.1. Korunan Madde Ve Akiml Ortamda Konsantrasyon

Denkleminin Boyutsuz Hale Getirilmesi.......coecoueeeveeeneeunnes



icindekiler vii

4.8. Korunmayan Madde icin Siirekli Dékiilme (Enjeksiyon) Halinde Kon-

SANTrasyon DeGiSiMi ....creeenerneinerseisersssessssnssssssssssssssnes 133
4.9. Hata Fonksiyonunun Hesaplanmasi 142
4.10. Dispersiyon / Diflizyon Katsayisinin Tespiti............. .. 144
BOLUM 5
GERGEK AKISLI REAKTORLERDE iKi (2D) VE UC BOYUTLU (3D) ADVEKSI-
YON-DiSPERSIYON DENKLEMININ ANALITIK ¢0zZUMU 149
5.1. iki Boyutlu (2D) Adveksiyon-Dispersiyon denkleminin
ANAlItIK COZUMUL.cuurverrrrerrrerirersresssenssssssssssssessssssssssessssssssens 151
5.2. U¢ Boyutlu (3D) Adveksiyon-Dispersiyon denkleminin
ANAlItIK COZUMUL.cuurrerrrrrerererirsrseessesssssssssssssssssssssssssssssssssens 153
5.3. Sonlu Uzunluklu Bir Cizgisel Kaynak Hali (Degisken
Diflzyon KatSaYISI) .......oeevmerererensrenssessssnsssssssssssssssssssssssssssees 154
BOLUM 6
ATIKSULARIN ADVEKSIYON-DiSPERSIYON YOLUYLA DENiZLERDE
SEYRELMESi 161
Denizlerde Seyrelme . 173

Seyrelme Hesabi icin Gelistirilen Yontemler
Cederwall Yontemi
Brooks Yontemi
Fan ve Brooks Yontemi
Agg ve Wakeford Yontemi
Muellenhoff Yontemi
Lee ve Neville-Jhones Yontemi
Roberts Yontemi
Diflizor Hidrolik TASArIMI ...u.eveceeeeveeieceeessesiesseessessessessssaessaens 217

KAYNAKLAR 229




KAYNAKLAR
Bu kitabin yazilmasinda asagidaki kaynaklardan faydalanilmistir.

Agg, A.R. and Wakeford, A. C. (1972). Field studies of jet dilution of sewage at sea outfalls.
Institute of Public Health Engineers, 71: 126-49.

Berkun, M. (2006). Atik Su Aritma ve Deniz Desarji Yapilari. Seckin Yayincilik San. Ve Tic.
A.S., Ankara.

Brooks, N. H. (1960). Diffusion of sewage effluent in an open current. Proc. 1st. Intl. Conf.
Waste Disposal in Marine Environment, Pergamon Press, New York, pp. 246-267.

Brooks, N. H. (1970a). Conceptual design of submarine outfalls I. Jet diffusion. California
Institute of Technology. W. M. Keck Laboratory Technical Memorandum 70-1.

Brooks, N. H. (1970b). Conceptual design of submarine outfalls II. Hydraulic design of
diffusers. California Institute of Technology. W. M. Keck Laboratory Technical
Memorandum 70-2.

Brooks, N. H. (1973). Dispersion in hydrologic and coastal environments, California Institute
of Technology. W.M. Keck Laboratory of hydraulics and water recources. Report no. KH-R-
29.

Carslaw, H.S. and Jaeger, J.C. (1947). Conduction of Heat in Solids, Clarendon Press,
Oxford, p. 34.

Cederwall, K. (1968). Hydraulics of marine waste disposal, Report No:42, Hydraulics
Division, Chalmers Institute of Technology, Gotenburg.

Chanson, H. (2004). Environmental hydraulics of open channel flow. ELSEVIER,
Butterworth-Heinemann. 430 sayfa.

Chapra, S.C. (2015). Yiizeysel Su Kalitesi Modelleme, Ceviri Editorii Giilfem Bakan, Nobel
Yatynevi. 843 sayfa.

Chapra, S.C. and Canale, R.P. (2015). Numerical Methods for Engineers, Seventh Edition,
McGRAW-HILL International Editions, 970 sayfa.

Charlton, J. A. (1985). Sea Outfalls, in developments in Hydraulic Engineering, Vol. 3, (ed. P.
Novak), Applied Science, London.

Danckwerts, P.V. (1953). Continuous Flow Systems. Distribution of Residence Times. Chem.
Engr. Sci. 2(1):1-13.

Edwards, C.H. and Penney, D.E. (2011). Bilgisayar Destekli Matematiksel Modellemeli
Diferansiyel Denklemler ve Sinir Deger Problemleri (Ceviren: Prof. Dr. Omer Akin). Palme
Yayincilik, 787 sayfa.



230 Kaynaklar

EPA (1970). National Service Center for Environmental Publications (NSCEP), Ocean
Outfall Design V. 1. Literature Review and Theoretical Development.

Fan, L.H. and Brooks, N.H. (1966). Discussion of “Horizontal jets in stagnant fluid of other
density” by G. Abraham. Journal of the Hydraulics Division, ASCE, 92(HY2), 423-9.

Fischer, H.B., List, E.J., Koh, R.C.Y., Imberger, J., and Brooks, N.H. (1979). Mixing in
Inland and Coastal Waters. (Academic Press: New York, USA).

Fogler, H.S. (2010). Temel Kimyasal Tepkime Miihendisligi (Ceviren: Satilmig Basan).
Dordiincii Baski, Gazi Kitapevi, 1080 sayfa.

Grace, R.A. (1978). Marine outfall systems: Planning, Design and Construction. Prentice
Hall. Inc. New Jersey, 07632. 601 pages.

Hastings, C. (1955). Approximations for Digital Computers, Princeton University Press,
Princeton, NJ.

Khandan, N.N. (2002). Modeling Tools for Environmental Engineers and Scientists, CRC
Press, 313 sayfa.

Kirkgdz, M.S., (2013). Akiskanlar Mekanigi. Birsen Yaym Dagitim Ltd. Sti., Istanbul. 561
sayfa.

Koh, Robert C.Y. and Brooks, N.H. (1975). “Fluid mechanics of waste-water disposal in the
ocean”. Annual review of fluid mechanics, Vol. 7, Annual Reviews, Inc. Palo Alto, Calif., pp.
187-211.

Koh, Robert C.Y. (1983). “Delivery systems and initial dilution” From Ocean Disposal of
Municipal Wastewater: Impacts on the Coastal Environment, Volume 1. E.P. Myers, ed.
Cambridge , Mass: Sea Grant College Program, M.I.T.

Kunz, R.G. (2009). Environmental Calculations, WILEY Edition, 703 sayfa.

Lee, J.H.W. and Neville-Jones, P. (1987). Initial dilution of horizontal jet in crossflow
Journal of Hydraulic Engineering, 113(5):615-30.

Levenspiel, O. (1972). Chemical Reaction Engineering, 2nd ed., Wiley, New York, 703 sayfa.

Liseth, P. (1976). "Wastewater disposal by submerged manifolds." Journal of the Hydraulics
Division, ASCE, 102 (HY]), 1-14.

Ludwig, R.G. (1984). "Marine outfall planning and design." Lecture notes, Encibra S.A., Sao
Paulo, Brazil.

Mohammed, N.A. (2017). Elektrokimyasal Oksidasyon Yontemi ile Tekstil Endiistrisi
Atiksularindan Renk Ve Organik Madde Gideriminin Arastirilmasi. Cukurova Universitesi
Fen Bilimleri Enstitiitiisii, Yiiksek Lisans Tezi (Tez danismani: Yrd. Dog. Dr. Turan Yilmaz).



Kaynaklar 231

Muellenhoff, W. P. Et al. (1985). Initial mixing characteristics of municipal ocean discharges,
Report EPA/600/3-85/073, US Environmental Protection Agency, Washington, D.C.

Muslu, Y. 2002. Temel islemler ve Temel Prosesler. Su Vakfi Yayinlari, 472 sayfa.

Neville-Jones, P. And Dorling, C. (1986). Outfall design for environmental protection: a
discussion document, ER 209E, Water Research Center, Marlow.

Novak, P., Molfat, A. Nalluri, C. and Narayanan, R. (2001). Hydraulic Structures. Spon Press,
Taylor and Francis Group.

O’Loughlin, E.M. and Bowmer, K.H., (1975). Dilution and Decay of Aquatic Herbicides in
Flowing Channels. J. Hydrol. 26: 217-235.

Oztiirk, I. (2011). Deniz Degarji Tesisleri Tasarimi. Su Vakfi Yayinlari, Istanbul.

Pearson, E. A. (1956). An Investigation of the Efficacy of Submarine Outfall Disposal of
Sewage and Sludge, State Water Pollution Control Board, Publication 14, Sacramento,
California.

Rawn, A.M. and H.K. Palmer (1930). Pre-determining the extent of a sewage field in sea
water. Trans. ASCE, 94:1036-1060.

Reynolds, T.D. and Richards, P.A. (2011). (Ceviren: Ulker Bakir Ogiitveren). Cevre
Miihendisliginde Temel Islemler ve Siirecler, ikinci Baski, Efil Yaymevi, 822 sayfa.

Robert, A. G. (1978). Marine outfall systems. 600 pages.

Roberts, P.J.W. (1977). "Dispersion of buoyant wastewater discharged from outfall diffusers
of fmite length." W.M. Keck Laboratory of Hydraulics and Water Resources, California
Institute of Technology, Report No. KH-R-35.

Roberts, P.J.W., Snyder, W.H., and Baumgartner, D.J. (1989a). "Ocean outfalls. I: Submerged
wastefield formation." Journal of Hydraulic Engineering, ASCE, 115(1), 1-25.

Roberts, P.J.W., Snyder, W.H., and Baumgartner, D.J. (1989b). "Ocean outfalls. II: Spatial
evolution ofsubmerged wastefield. Journal of Hydraulic Engineering, ASCE, 115(1), 26-48.

Roberts, PJ.W. , Snyder, W.H., and Baumgartner, D.J . (1989c). "Ocean outfalls. III: Effect of
diffuser design on submerged Wastefield." Journal of Hydraulic Engineering, ASCE,
115(1),49-70.

Roberts, P.J.W. (1996). Sea Outfalls in Environmental Hydraulics; V. P.Singh and W. Hager,
Editors, Kluwer Academic Publishers, Dordrecht.

Roberts, P. J. W. and Webster, D. R., (2002). Turbulent diffusion, in Environmental Fluid
Mechanics Theories and Application, edited by H. Shen, A. Cheng, K.-H. Wang, M.H. Teng,
and C. Liu, ASCE.



232 Kaynaklar

Ross, S.L. (2004). Differential Equations, Third Edition, WILEY-India Edition, 807 sayfa.

Runkel, R.R. and Bencala, E.K., (1995). Environmental Hydrology, V.P. Singh (ed.) 137-
164. U.S. Government. Printed in Netherlands.

Schnoor, J.L. (1996). Environmental Modeling, A Wiley-Intersence Publication,John Wiley
& Sons , Inc, New York.

Shaw, D.J. (1966). Inturduction to Colloid and Surface Chesmistry, Butterworth London.

Sperling, M.V. (2007). Basic Principles of Wastewater Treatment, IWA Publishing, 195
sayfa.

Streeter, V.L. (1984). Fluid Mechanics, McGraw-Hill Education(ISE editions), 550 sayfa.

Tchobanoglous, G. and Schroeder, E.D. (1985). Water Quality Management, Addison Wesley
Publishing Company.

Tchobanoglous, G., Burton, F.L., Stensel, H.D. (2003). Wastewater Engineering: Treatment
and Reuse. Fourth Edition, Metcalf & Eddy Publishing Company, 1878 sayfa.

Thibodeaux, L.J. (1996). Chemodynamics : Environmental Movement of Chemicals in Air
Water and Soil 2nd edition ,John Wiley &Sons,New York.

Vesilind, P.A. ,Morgan S.M. and Heine L.G.(2011). Introduction to Environmental
Engireening (Ceviren : Prof. Dr. Ismail TOROZ ) 606 sayfa.

Winkel, B. (2017). "Chapter Nine — Mathematical Models with Differential Equations.,"
https://www.simiode.org/resources/4015.




	Reaktör Hidroliği-2. giriş sayfaları
	kaynaklar - Reaktör Hidroliği-2. baskı

