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Modelleme

* Fiziksel (Laboratuvar)

* (Kizkayasi Baraji - Dolusavak)




Sayisal Model

Time = 0.000000

Depth - Time
Depth - Time

Flow Depth
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Denge Bacasi (Incirli HES)

* Dogadaki Hasar




Sayisal Model
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Proses simulatorlerini kim neden kullanir?

 Ana kullanim hedefleri

* MUhendis — tasarim, sistem gelistirme
 Mihendis — tesis optimizasyonu (what if?)

* [sletmeci — egitim

e Arastirmaci — degerlendirme, proses gelistirme
* Ogrenci — dgrenme

* Tesis karmasiklig
* NUtrient (N,P) giderimi
e Geri donus akimlari
* Yeni teknoloji prosesler (Anammoyx, Biyofilm, GAC...)
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Atiksu Aritma Hedefleri

* Organik Madde Giderimi

* Enerji Amach Kullanimi (Organik Karbon)

* Azot giderimi (Desarj Limiti?)

* Fosfor giderimi ve geri kazanimi

* Kimyasal madde geri kazanimi (glibre, degerli organikler)

* GHG minimizasyonu
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Atiksu Aritma Tesisleri

GENEL_DURU
e |LAVE
e MEVCUT
e PLANLANAN
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Enerji Tuketimi
@ BNR OBNR+anaerobik cliritme @®DF @KAC @SH o UHAC

16 - ‘ .
= o @
& 14 \ @ 1
L
c \ \
T 1.2 - \ w\
® \ 0\
5 __ 10 - \¢ v \
:.:'“E \ @@ LA \\
c =08 - \ © ? \
— L
S Yo A ¢ A
o X 0.6 - @ @ p v
=
< 04 - e o “"u o a9
= f"-t-——---..
S 00 . . |
10 100 1000 10000 100000 1000000

Giinliik Ortalama Debi (m3/giin)



Kaba Izgara Ince Izgﬂm

Blyolojlk N,P Giderim|

On Gok. Tank l Son Gok. Tanki
L L
v @ ] = — ‘J—D>
ng // // Kunm \ / 4 \ Derin Denlz
Desgar]i
Mekanik Yof.
Kimyasal | 1 ‘[
" homgjen
ru
Camu I{j_o Camur Kurutma

ISI

|— Kojenerasyon

o E—

ELE KTRTK% ﬁk

NG

O

Daposu

/

Bailer
Kurutma Filtre

Desiilfur

Flare



NN

Blowerler

Anaerobik Camur
Curutme

Susuzlastirma



Biyolojik Prosesler

N, Gazi (40)

TN<10

TKN=60
Org. Madde

Camur

NH,+ O, —> NO,;  NITRIFIKASYON

NO;+Org. M — N, DENITRIFIKASYON
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Nitrifikasyon Prosesi

Fazla Camur

ﬁA :Cogalma Hizi: /glin (+)
b.ﬂ. :0lim Hizi: /giin ()

fia — ba :Net Cogalma Hizi: /giin

:Cogalmanin saglanmasi icin gerekli zaman : GUN
fin — by
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T [ ] T e
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MODELLEMENIN BASLANGICI AI
GARRET ve SAWYER, 1952 ﬁﬁ

W=05B-0.55S

W = Olugsan Camur Miktari

B = Giderilen BOI; Miktari
S = Havalandirilan UAKM kutlesi
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Harrier Attack (Commodore 64)




Ik Modeller (1980...)

Three components

Continuity
e
Component - i < l/ >
1 2 3 Process Rate, p;
j  Process | X Ss So (ML T™']
1 Growth 1 -— E—— X
row ” Y Ko+ S P

Nﬁ&& Balanc/

Observed Conversion
Rates ML73T!

Maximum specific

Two fundamental processes

Stoichiometric
Parameters:

True growth yield:
Y

growth rate: g4

& & ar Half-velocity
-l -] b E constant: Kg
a IRa) © 0 Specific decay

@ o g .2

= Q 5 Q g3 rate: b

2 22 2 BL '

=1 L
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Kinetic Parameters:

X — Particulate
S — Soluble
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Aktit Camur Modellerinin Gelisimi

YIL |[MODEL TiPi Biyokiitle | Degisken Parametre
1960 [Empirical 1 4 4
1970 (Structured models, electron balance 2 10 10
1980 [Dynamic N-DN 2 13 19
1990 [Bio-P 3 20 40
2000 [Anaerobic digestion 7 30 60

+ pH 30

Biofilms (spatial heterogenity)

Two step N-DN 5-10 30 50
2010 |Whole-plant (AS, AD) 10 40 200

AS, AD, AMX 11 50 250

Two populations (meso-thermo, r-k, etc.)

GHG (4-5 step N-DN)
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Model Matris Gdsterimi (ASM1) : C+N

Component i 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Process Rate p ML

i |Process S Ss X X | Xy Xa | X So Sno SnH Snp Xno | Sswp SaLk "
Aerobic growth of 1 1-Y, : ixs » Ss So

1 1 e _xe 1, Xy
heterotrophs " Y, 14 Ks +Sg \ Koy +So
Anoxic growth of 1 1-Yy . 1-Y, g ~ Ss Kon Sno

2 1 -Ixg 7g My Xu
heterotrophs Yy 2.86Y 14.2,86Y,, 14 Ks +Ss A\ Kon +S0 A Kno+Sno

3 |Aerobic growth of 1 _AST-Yy 1 ) e L S s So X
autotrophs Y, Yo, “'xe T 14 Y, Kai + S )\ Koa +So A
Aerobic decay of . .

- -(1-fexcf fi fi X

4 heterotrophs 1 fex | -(1-fexcfes) efexixe | fes { Koo +5 J H
A i f . .

5 |Aerobic decay o 1 fex | -(Ifexfes) ie-fexixe | fes X a
autotrophs on + S

. 1-f. —f KOH Svo

g |Anoxic decay of 1 fox _ B e fes Mo bH X,
heterotrophs 2.86 Kon +So A Ko +Sho
Anoxic decay of 1-fy - fs

7 -1 fEX Y fES n
autotrophs 2.86 D A A

KOA +5 Ko +5No

Ammonification of 1

8 |soluble organic 1 -1 14 KaS o H
nitrogen

XS

Hydrolysis of K X, | So Kon Sno 1|x

9 |entrapped 1 -1 n K Xs [\ Kon +So e Kon +So A Kno +Sno J | "
organics x* X4
Hydrolysis of X D

10 |entrapped organic 1 -1 -~

S

nitrogen

Kinetic Parameters : py, Ks by, pa, Knn, ba, Kno, Kn,kx Kk, Kark,KoaKon |, Ka

Stoichiometric Parameters : Yy, Ya,NMg,Mp.Mhixe,ixe fex fes



MATEMATIK MODELIGELi$iMi VE ISLEMCI HIzI
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“Flight Simulator 2019
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Guncel Modeller (Whole Plant Models)
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Plant scheme Real system Model flow scheme
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= Sumo - UCT with digester - B
File Edit View Options Plugins Help
CONFIGURE >> MODEL SETUP >> PLANTWIDE SETUP >> INPUT SETUP >w> SIMULATE
L]
| Add table | Primary . Anzerobic reactor . Anoxic resctor Aerobic reactor @ Secondary clarifier —
| Add timechart | T 7 7 Y > Effluent .
Flow 18078 mavd
= TS 10.0 gTSSim3
| Add XY chart | vss 7.8 gvssrxa
é’._ Frimary thickensr Tot=l COD 237 gCODIm3
¥ T . Totzl BODS 10.2 gCOD/m3
| Add barchart | Lo L. p:‘a 7.16 |g:uH||nit "
- Digester F N P
| Add piechart | e
| Add Sankey | Digester = Thickener
MLSS 26882 gTSSIm3 -| *J’
Vs 13383 gVSSim3
pH 6.88 pHunit
VSS destruction 33.2 % —
Carbon ditide 348058, S
M:;ha'l‘\e; = s E$ I }W‘— \'\k?a
Frequent I NP Operationzl I ‘14-‘ 7
e v
o

() | Variables

Sumo * Plant > Effluent > Frequently used variables

Flow

Total chemical oxygen demand
Total 5 day biochemical oxygen demand
Total suspended solids

Volatile suspended solids

pH

Total nitrogen
Armmonia (NH4+NH3)
Nitrate and nitrite

Nitrite

Nitrate
Total phosphorus
Orthophosphate

Simulation finished in 0 hours 0 minutes and 15.5 seconds.

<

b

Table | Sludge line | Timechart | Effluentwater quality | Efluent nitrogen fractions | Effiuent COD fractions | Biogas composition | Efluent ammania and nitrate
Value

— SNHx (Effluent) (g Nfm3)
[W] — SNO3 (Effluent) (g N/m3)

v (

— SNOZ (Effluent) (g N/m3)
{¥] & SNHx (mesured) (?)

+ SNO3 (measured) (?)

+ SNO2 (measured) (?)

6.000

5.000

4.000

T
42 4.9 5.6

Sumo2 DO Calculated Calculated off-gas

Use pH Precipitation [~] Zoom: ?2%28



Giris Organik Madde Fraksiyonlar

Total Influent COD

Filtered COD

SCeop =Sy +Sg+ Sypa tC + €y

Scop =Sy +Sg + Syma

Filtered Flocculated COD

SVFA SB

TCOD
Particulate COD
XCOD
Colloidal COD
Coon=Cy + G
\l; :l/ \
CB CU XB XU XOHO XE

\\X\mo:O

except
OHO ™.

S = soluble

C = colloidal

X = particulate

VFA = volatile fatty acid

B = biodegradable

U = unbiodegradable

OHO = ordinary heterotrophs

E = endogenous decay products
BIO = biomass

29



Sumo influent tool

Key measurements Value Unit
Flow MGD or m*/d
TSS mg/L
V5SS mg/L
TEN mgN/L
TP mgP/L
Alkalinity mgCaCO3/L
pH -
COD - BOD Value Unit
Influent COD mgCOoD/L
Influent filtered COD mgzCoD/L
Influent filtered flocculated COD mgCOoD/L
Effluent filtered COD (inert) mgCOoD/L
Influent cBOD mgBOD/L
Check fractions Sumo forms Balances

Help Data

Key indicators for sanity check Value Unit Usual value in US
VS55/TSS ratio 0.84 = 0.85
Particulate COD/VSS 1.50 mg COD/mg VSs 1.60
Alkalinity in molar units 7.0 meg/L 3-8
Particulate COD 270,00 mg COoD/L
Filtered COD fraction 0.36 - 0.40
Filtered flocculated COD fraction 0.19 - 0.20
Unbiodegradable fraction of filtered COD 0.05 - 0.05
COD/BOD ratio 221 - 2.20

Diurnal flow

Calculations {.E.
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Farkliliklar: Deneysel Karakterizasyon
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NO, [NO,+NO,] (mgN/L)

Nitrifikasyon Deneyi

@® NOx Olciim
e NOx Hesap

0.0 0.5 1.0 1.5

Zaman (giin)

Aerobik Camur Yasi
Nitrifikasyon

Camur Yas! Kontroli
Hava Ihtiyaci (N)
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Nitrifikasyon Bakterileri Cogalma Hizi

1.2

0.8 -

0.6 -

Hniro-bairo (1/81in)
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0.2 -

@ Insel (2014)

B Sozen vd. (2008)

A Sozen (1996)
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| Deney 1 | N
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®

®

Bioprocess and Biosystems Engineering
https://doi.org/10.1007/500449-018-2042-9

10

RESEARCH PAPER

Enhancement of nutrient removal performance of activated sludge
with a novel hybrid biofilm process

G. Giines' - E. Hallag? - M. Ozgan? - A. Ertiirk? - D. Okutman Tas? - E. Cokgor? - D. Giiven® - . Takacs* - A. Erdingler® -

G.Insel?

Received: 18 May 2018 / Accepted: 9 November 2018
© Springer-Verlag GmbH Germany, part of Springer Nature 2018
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Nitrifikasyon icin Aerobik Camur Yasi (Kayser, 1993)

ATV-DVWK-A 131E

5.2.1.2 Plants with Nitrification

The (aerobic) dimensioning sludge age to be maintained for nitrification is:

1‘SS,ae."«:ur.b,tzlim =SF-3.4-1.103(">"") [d] (o-1)
ba . Ototroflarin ¢lum hizi [1/gUn]
fra - Ototrofik cogalma icin sicaklik duzeltme faktéra, 1.103'"°
fr ba - Ototrofik cogalma icin sicaklik duzeltme faktéri, 1.029' "
f : Emniyet faktoru: [1.45]
KnH - Ototroflarin yari doygunluk konsantrasyonu [gN/m?]
S - Salinim faktoéra [-]
SNHmax - Cikista maksimum izin verilebilir amonyak kons. [10 gN/m”]

M

[ - Maksimum ototrofik cogalma hizi [1/gun]



Sicakliga baglh ¢ikis NH,-N simtlasyonu (2012)

Temperature (deg. C})

CONC. (mgNIL)

32 j J
30 ________________________________________________________________________________________________________________________________________________________________ : b .
7 T e R ey | | o S o IR R . LT TEEET PP EE PP FEEPEFRE S|Cak||k -----------
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DATE
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5.2.1.2 Plants with Nitrificatio
The (aerobic) dimensioning sl 0 be maintaine irification is:
- (15-T)
|_tsswermam - SF -3.4:1.103 [d]

-A 131E

5-1)

Hs(15) =0.32 /gin
b,(15) = 0.09 /gin
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~
o

NO, (mgN/L)

OTH (mg0,/L/saat)

u
o O

oU
70
60
50

£ K,= 41 mgN/L/saat

Denitrifikasyon

Potansiyeli (NTH)
1\
o
_ o
. K,= 6.5 mgN/L/saat
0.0 1.0 2.0 3.0 4.0 5.0
Zaman (Saat)
] : . =—Toplam
KOI Fraksiyonlari — Nitrifikasyon
| Org. Karbon
. Olgiim

200

300 400
Zaman (dakika)

600

Influent

SwingZone

Anoxic reactor Anoxic/Aerobic

Anoksik Hacim Orani

icsel Geri Devir Debisi
Aktif Camur Konfiglirasyon
Hava ihtiyaci (C)
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RespirO,- metre
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Proses Uzerindeki Etkileri

- Kolay Ayrisabilen, S, - :(noelsty &Vzrﬁ:b"e“r S,
- caz' Hidroliz, SH NITRAT GERI DEVRI _ COZ HldrO’hZI S
- Hidroliz olab. X; | : » OH

o Bio-P ANOKSIK
GiRig

AEROBIK SON COKELTME CIKIS

DISK FILTRE

P

2 I

T Kolay Ayrisabilen. S - C6z. Hidroliz, S, .
it - Hidroliz olab. X Aktif Biyokiitle, X
S vt oob
— 22O - Hidroliz olab. X;
O ‘

SUSUZLASTIRMA

- inert Part., X, ” Wk -
- Hidroliz olab. X, T -—o@e——‘ - \WR
- CAMUR

TERMAL HIDROLIZ

DEAMONIFIKASYON NITRITASYON KIMYASAL COKTURME KRISTALIZASYON

METAL ILAVESI

HE"_‘

- Aktif Biyokiitle, X,
- Hidroliz olab. X;




Camur Cokelme Hizi (Son Cokeltme) Denitrifikasyon

Potansiyeli (NTH)

30 -
25 =
20 = O
15

10 =
B o

Cokelme Hizi (m/saat)

o

0 , ] —Q &

2500 3500 4500 5500 6500 7500
MLSS (mg/L)

SVI? 59



Hiz (m/gln)

80
70
60
50
40
30
20
10

MLSS (g/L)

A Tesis-A
e lesis-B
m lesis-C
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Waste water

Nz o

Returnloady

: ; Recirculati
Recirculation ecircufation Returnsludge Excessslud%e
* Step Feed
e A2Q

* Simultaneous Nite/Denite

41



ci_n ci_12 ci_13 C1_14 C1_15

Side flow divider5 Riimaty | —
& & o o~ o @
Clarifier
Effluent
E _’-Jc
[
RAS Split AD
C2_15 C2_14 C2_13 C2_12 c2_1 =
Thickening

= )
I

Effluent2

C2_26 C2_27 C2_28 C2_29 C2_30
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CFD: havalandirmanin karistirma Uzerine etkisi

C

a Liquid velocity (m ™)
- -4 1.12s+00

Liquid velocity (m s7) 3
1.00e+00
948001
853001
837000
78101
- 7.25e
86901
614001
5.53e-0
50201
446601

Fig. 1. Streamlines coloured by liquid velocity magnitude U; in tank (a) without
aeration (U, = 0.35 ms™ ") (b) without aeration (U, = 027 ms™ ") and (¢) with aeration
(U = 023 ms ') Reprinted from Fayolle et al. (2007). Copyright (2007) with
permission from Elsevier.
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Karisim Boélgeleri ve Havalandirma Verimi

depth-averaged velocity contours

FLE-W-SD t:Eﬂ?.&ﬂBBT z=6.948E+00 ix=2 to 298 jy=21o0 142

m-= linke

_}‘;Jlll:lﬁ'.ﬂﬂl 0410/2015 eifd hydrdd wversion 11.0.4.03 wing4 2015
itle




Air volume fraction in %

= Ajr diffuser

Water Research 88 (2016) 861-879

Contents lists available at ScienceDirect

Fig. 2. Snapshot of air volume fractions at two cross sections with different diffuser

patterns. Reprinted from Gresch et al. (2011 ). Copyright (2011) with permission from
Elsevier.

Water Research

ELSEVIER journal homepage: www.elsevier.com/locate/watres

Review

CFD-aided modelling of activated sludge systems — A critical review @Cmm
Anna M. Karpinska’, John Bridgeman

School of Civil Engineering. University of Birmingham, Edgbaston, Birmingham, B15 21T, United Kingdom
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Anaerobik Carutme

XB
Hydrolysis by OHOs l
SB
Fermentation by OHOs
VFAs
Methanogenesis by
Acidoclastic methanogens
Jr
CH, CO, H,

Methanogenesisbyw

Hydrogenotrophic methanogens
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30 40 50 60 70 80 a0 100 110 120
Zaman (giin)

Cikis Organik Madde

—Simiilasyon MW Veri
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|
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=]
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Anaerobik Camur CUrdtme

velocity magnitude contours

velocity magnitude contours

00 —+—4—F+—+—F+——F+—+—

12,0 ; ; 0.0 6.0 12,0 18.0
i N Y
0.000 15.000 30.000 (m)
e, . S FLOW-3D 1=60,003220 x=1.208E+01 jy=210 155 kz=210 212 FLOW-3D 1=60.003220 x=1.722E+01 jy=210 155 kz=210 212
7500 22 500 250955 02252015 asmo " hydidd version 11.0.3.05 win4 2014 230013 05 25/2015 asmo  myar | y=210155 kz=210 212
itle

Aksel M., Insel G., Keskinler B. (2015) CEVRE MUHENDISLIGINDE HESAPLAMALI AKISKANLAR DINAMIiGi UYGULAMALARI, 11 ULUSAL
CEVRE MUHENDISLIGI KONGRESI 15-17.10.2015, Uludag Universitesi Mete Cengiz Kongre ve Kiiltir Merkezi, Bursa.
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Ornek Calisma
Yiiksek Sicakliklarda MBR Isletmesi

PA AWeerSewagel Treatment Plant
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Proses Akim Diyagrami

@ @@ ARecycleﬁ-D ®®®

ED

I Anaerobic Anoxic Aerobic Membrane

Permeate
Tank 4 Tank ! Tank Tank Tank
Raw, : : |
: : ! : :
Screened I ; : ; ;
Sewage I S Recycle : I RAS : : @
I ! N
o k | &
I Bypass of : v Discharge
I Anerobic Tank I : !  Excess
A p! Sludge
Bypass of Anerobic and C @
Anoxic Tank Blower .. .................... p-
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Plant and MBR Unit
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Fosfor Giderimi

coD
VFA
TSS
TKN
TP

PO,

mgo,/L
mgO0,/L
mg/L
mgN/L
mgP/L

mgP/L

780
105
400
65
10
7

15

12

O

)

mg PO,-P/L

': — Model
O Data

100 150 200 250 300 350 400 450

Time (days)

Temperature

(a)

40

36

32

23

24

20

53

Temperature (°C)



Cikis Azot

* 100% Azot Giderimi
* Sicakligin Azot Giderimine etkisi

40
& 36
qj Q00
= 32
g
c 28
2
24
O 50 100 150 200 250 300 350 400 450
t (gun)
5.0 -
= NH4-Simulation
4.0 © NH4-Data

(b)

0O 50 100 150 200 250 300 350 400 450

Time (day)



Reaksiyon Inhibisyonu

Genisletilmis Arrhenius denklemi (Basin and Prosser, 2000)

_ T—T:
TT — Tzo. 9{ 20[1 — 82 max]
1.4
L o12
U .
g 1.0 /______\Pllot
m ’lf’ \\\
s o 2 Lab N
S 04 T 7 | (WY
02 -7 o\
0.0 -
10 20 30 40
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MBR Moduli HAD Analizi

CFD Results - HS MBR (IV) Air flow rate  CFD

(m3 ht) (Pa)

Wall shear stress: 37 0.71
55 0.88

83 121

37 méh
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PROSES KONTROL

* Nasil enstrimantasyona ihtiyac var?

* Problari nereye yerlestirelim?

* Amonyum, Nitrat ve Oksijen Problari: Nereye baglayalim?

* Blower kontrollin parametrelerini nasil girelim (PI, PID)

* Amonyak Olctime Bagh Oksijen Kontrolii Uygun bir alternatif mi?

* Anoksik Hacim Kontroli Gerekli mi?

* |csel Geri Devir Pompasi Kontroli icin kapasite ne olsun, VFD gerekli mi?
 Kimyasal Madde llavesi Kontroli Icin en uygun kosul nedir?



Kontrol Sistemi Tasarimi

PID controller A1 PID controller A2

= Az B TAas NO3

DA_Eff

Anoxic reactor Anoxic/Asrobic Asrobic reactor

Influent Effluent

ge
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SONUCLAR /

* Genel amacli proses simulatérleri tum tesis bazinda ¢c6zim

* Tasarim alternatifleri ve Isletme senaryolarinin risk olmadan denenmesi
* Yerel kosullara uygun giris kosullari ve model parametreler belirlenmeli
* Proses Kontroll icin SimUlasyon Programlari ile Stabilite Analizi

* Hesaplamali akiskanlar dinamigi (HAD) yapilan kabuller icin 6nemli

* Dinamik kosullar tasarimda ciddi degisiklikler gerektirebilir.

59






UHEND!SLERi >

GEVRE MUHENDISLIGINDE BILGISAYAR
DESTEKLI SIMULASYON VE MODELLEME:
HESAPLAMALI AKISKANLAR DINAMIGI

(Computational Fluid Dynamics - CFD)

Dr. Murat AKSEL

istanbul Aydin Universitesi, insaat Miithendisligi Béliimii



HIDRODINAMIK MODELLEME

Hidrodinamik Modelleme, 06zellikle hareket halindeki akiskanin davranisinin matematiksel
yontemle bilgisayar kullanilarak arastiriimasidir.

Akiskan farkli kuvvetlerin birlikte veya tekil olarak etkisi sebebiyle hareket edebilir. Ornek
olarak gel-git, yercekimi, riizgar, dalga, basin¢ farki, enerji veya kutle ilavesi vb. olarak ifade
edilebilir.

Akiskanin hidrodinamik davranisina etki eden faktor ne kadar fazla ise davranisin
¢6ziimlenmesi de o denli zorlasir.

Ornegim bir boru icindeki suyun hareketenin hesaplanmasi gorece kolayken bir dere agzinin
akinti, dalga, yogunluk akintisi, sediment hareketine bagli morfolojik degisimler vb. etkileri
altindaki akiskanin davranisinin ifadesi son derece komplekstir.



HESAPLAMALI AKISKANLAR DINAMIGI

Hesaplamali akiskanlar dinamigi, uzun slregler isteyen akiskanlar mekanigi
problemlerini bilgisayar ortaminda c¢esitli algoritmalar ve yontemler
olusturularak ¢coziimlenmesidir.

Sonlu farklar, sonlu elemanlar, sonlu hacimler gibi metotlar kullanilarak yapilan
¢ozimlemeler ile karmasik ve uzun soluklu problemlerin bilgisayar
performansina bagl olarak hizli ve etkili olarak ¢6zilmesi saglanir.

Son vyillarda bilgisayar teknolojilerinde yasanan hizli gelisim, modelleme
programlarinin da gelismesine katkida bulunmustur.

veleily magnitude (ft/s)
5.0
10.0
]

5.0
- 0.0




Hidrodimanik Modelleme Programlari

OpenVFOAM « OpenFOAM

* FLUENT . . o
. Ucretlerine, kullanim alanlarina, gereksinimlerine gore pek
FLUENT" o CFX cok farkli modelleme yazilimi mevcuttur.
— ([
FLOW JD Flow3D Paket programlar disinda programlama dilleri kullanilarak
Delft3 D e Delft3D da kendi problemlerimize ¢dzimler Uretebiliriz.
* MOHID
WaterModeIlinngﬂswicevﬂ ¢ FlOWViSiOn

* Phoenics

\ *AQUAVEO
*EpaNET



HESAPLAMALI AKISKANLAR DINAMIGI

Hesaplamali akigkanlar dinamigi yontemi,
Hidrolik
Uzay
Savunma
Havacilik
Kiyi ve Liman Tasarimi
Enerji
Cevre

Sektorlerinde Ozellikle yurtdisi gcalismalarda yillardir kullaniimaktadir.



MODELLEME UYGULAMALARI

1 Boyutlu
Boru Hidroligi — EPANET
2 Boyutlu

Dalga Transformasyonu,

Modellemesi ...

3 Boyutlu

Dere AQzi Modellemesi,

Sediment Tasinimi, Termal Seyrelme, Dere



ARITMA TESISI UYGULAMALARI

Dagitim Yapisi

o

Sekil 1. On Cokelme Havuzlari ve Dagitim Yapisi Sekil 2. Atiksu Dagitim Yapisinin 3D Modeli Sekil 3. Dagitim Yapisi Cikisinda Borularin
Oniindeki Su Seviyesi



ARITMA TESISI UYGULAMALARI

Dagitim Yapisi

Flow Depth vs Time

E
£
[=3
@
(=]
2
o
i

Goruantu 1. Dagitim Yapisi — Akim Modellemesi



ARITMA TESISI UYGULAMALARI

Havalandirma Havuzu

Sekil 4. Havalandirma Havuzu ve

Biyofosfor Havuzu 3D Model Cizimi

Sekil 5. Ag Yapisi ve Modelleme Elemanlari

depth-averaged velocity contours

| | + ' +
720 108.0 144.0
X

FLOW-3D t=24 2=6948E+00 ix=2to 298 jy=21to 142

m-b linl

_Ir?l:“l_i:ﬂri 0410; d hydr3d version 11.0.4.03 win64 2015
itle

Sekil 6. Havuzlardaki Hiz Konttrleri - Derinlik
Ortalamali ( t=240 sn)



ARITMA TESISI UYGULAMALARI

Havalandirma Havuzu

Time = 1000.00006

Velocity (m/s)

1.000e+000 -
8.889e-001
7.778e-001
6.667e-001
5.556e-001
4.444e-001
3.333e-001
2.222e-001

1.111e-001
0.000e+000

Goruntl 2. Havalandirma Havuzu



ARITMA TESISI UYGULAMALARI

Camur Curatlcu

Sekil 7. Camur Ciritiicii Unitesinin 3D Modeli Sekil 8. Plan Kesitleri (Hiz Dagihmi) Sekil 9. Boy Kesitler (Hiz Dagilimi)



ARITMA TESISI UYGULAMALARI

Camur Curatlcu

Time = 0.00000

Velocity (m/s)

1.000e+000
7.500e-001
5.000e-001
2.500e-001
0.000e+000

Gorunti 3. Camur Caruttct Hiz Dagilimi



ARITMA TESISI UYGULAMALARI

Dagitim Yapisi

Su Derinligi (m)

52
1.Giris Su Derinligi
Toplama Kismi Su Derinligi
5
4.8

Derinlik (m)
-~ IS
o [=)]

&
N

£

o

200 400 600 800 1000 1200
Zaman (sn)

Goruntii 4. Dagitim Yapisi

Akim Hizi (m/s)

4.00
3.56
3.1
2.67

Zaman = 0 sn 2.22

1.78
1.33
0.89
0.44
0.00



ARITMA TESISI UYGULAMALARI

Dagitim Yapisi

Debi (m3/sn)

Debi (m3/sn)

1. Grup - 1-2-3 Numarali Pompalar

400

Zaman = 0 sn

04
1. Pompa
2. Pompa
3. Pompa
03
0.2
01
0
0 100 200 300
Zaman (sn)
2. Grup - 4-5-6 Numarali F
15 4. Pompa
5. Pompa
1 6. Pompa
05t Z
_ ¥
8 -
-0.5
X
-1
0 100 200 300
Time

400

Gorunta 5. Terfi + Izgara Kanali

Su Yuzeyi Kotu (m)

2.00
1.75
1.50
1.25
1.00



ARITMA TESISI UYGULAMALARI

Dagitim Yapisi

Su Yuzeyi Kotu (m)
2.200 2.400 2.600

2.300 2.500

Sekil 10. izleme Noktalari



ARITMA TESISI UYGULAMALARI

Dagitim Yapisi

E E
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Sekil 11. izleme Noktalarindaki Su Derinligi (sn - m)



ARITMA TESISI UYGULAMALARI

3. Diger Calismalar — Karistirici Performansi

Time = 0.000000

Turbulent Intesity
Turbulent Intensity vs Time
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Shear Stress (Pa)

5.000e+001
4.444e+001
3.889e+001
3.333e+001
2.778e+001
2.222e+001
1.667e+001
1.111e+001
5.556e+000
0.000e+000

Goruntu 6. Karistirici Modellemesi



ARITMA TESISI UYGULAMALARI

4. Diger Calismalar — MBR Hidroejektér Nozult Gelistirilmesi

Sekil 12. Hidroejektdr Nozuli CFD Analizi



TERMAL SEYRELME UYGULAMALARI

Termal Desarj Modellemesi - 1

Gorunta 7. Termal Desarj Seyrelme Analizi - Dere



TERMAL SEYRELME UYGULAMALARI

Termal Desarj Modellemesi - 2

Temperature (deg-C)
22.184

Temperature vs. Time 21.942
Discharge Surface Point 21 699

21.456
21.214
20.971

Temperature

20.728
20.485
20.243

500000 1e+006 1.5e+006
20.000

Goruntu 8. Termal Desarj Seyrelme Analizi - Deniz



TERMAL SEYRELME UYGULAMALARI

Termal Desarj Modellemesi - 3

Sicaklik (deg-C)

25.000
24111
23.222
22.333
21.444
20.556
19.667
18.778

17.889
17.000

Sekil 12. Termal Desarj Seyrelme Analizi - Deniz



HAVA KIRLILIGI KONTROL EKIPMANI

Siklon Modellemesi

0.000e+000
[m s7-1]

Goruntd 9. Siklon Modellemesi



YANMA MODELLEMESI

Doner Firin Modellemesi

Sekil 13. Doner Firin Yanma Modellemesi



BARAJ UNITELERI

Denge Bacasi Modellemesi

Time = 0.00000

Pressure (Pa)

1.748e+006
1.311e+006
8.739e+005

4.369e+005
0.000e+000

Goruntu 10. Denge Bacasi Modellemesi



BARAJ UNITELERI

Dolu Savak ve Sicrama Havuzu Modellemesi

Time = 0.000000 e

Flow Depth

7.204e+001
5.403e+001
3.602e+001

1.801e+001
0.000e+000

Gorunti 10. Dolu Savak ve Sigrama Havuzu Modellemesi



BARAJ UNITELERI

Denge Bacasi Dinamik Performans Analizi

. .

0.00 25.00 50,00 (m)

12,50 37.50

1.499e+003
1.312e+003
1.124e+003
9.370e+002
7.496e+002
5.622e+002
3.748e+002
1.874e+002

1.306e-005
[Pa]

Lx

Mesh (Time=1.3705e+03) May 04, 2011

ANSYS FLUENT 12.0 (3d, pbns, vof, rke, transient)

Sekil 14. Denge Bacasi

20.000 40.00 (m)
EE— 1
10.000 30000




BARAJ UNITELERI

Dip Savak Kontrolstiz Bosalma Modellemesi

|ANSYS

Tan nam Cortours of fostetew Toted Pressure (mestire) (pascud] (TemesS 0000e-01 ) Ad 19 200 Comows of Relatve Total Preasure gmsowe) (pascal) (Time=5 0000e+30) Ad 18 2010
ANSYS FLUENT 120 {3 poes, wol mee, rareent) ANSYS FLUENT 57003 pters, wol rhe, trasvsaent)

Sekil 15. Dip Savak Tuneli



BARAJ UNITELERI

Kuyruksuyu Cikigi Modellemesi

Pressure - Time
250000 Right

Time = 0.000000 200000

Left

150000

100000
0 50 100

Time (sec)

Pressure (Pa)

334713.688

01242.313
__ 267770.9
234299.563
Len 20082 203

167 3
s
66942. 7(3)4

% 50 33471 367
) 0.000

Time (sec

Flow Depth (m)

Goruntd 10. Kuyruksuyu Cikisi



KIYI' YAPILARI

Yiizer iskele Time = 0.00000
H=0.8 m

T=2.9 sec
d (SWL)=3 m

Plan View

Isometric View

Gorinti 11. Yizer iskele



KIYI' YAPILARI

Yizer iskele
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Gorinti 11. Yizer iskele




KIYI' YAPILARI

Kiy1 Dolgusu : Time = 0.00000
Pressure vs Time L
200000 : Alttan Uste Dogru 1-5
150000 - Atm=101300 Pa
100000 Toplam Basing
50000 Degeri Sunulmustur
0
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s

Goruntu 12. Dolgu Mukavemeti



KIYI' YAPILARI

Firtina

Time = 0.0000e+000 Time = 3.6000e+003 Time = 1.0000e+004

Sekil 15. Dalga Tirmanmasi



KIYI' YAPILARI

Firtina

Sekil 4. Korumasiz Durum Dalga Tirmanmasi

Sekil 5. Korumasiz Durum Dalga Tirmanmasi

Sekil 6. Geotube ve Koruma Tabakasi Yerlestirilmesi Durumunda Dalga Tirmanmast

Sekil 15. Dalga Tirmanmasi



KIYI' YAPILARI

Dalga Transformasyonu

Sekil 16. Dalga Transformasyonu



Cartesian Grid Module Height 25109 23:59:44
1.7
104
9.1
78
6.5
5.2
39
26
13
0.0

KIYI' YAPILARI

Dalga Transformasyonu

Cantesian Grid Module Depth

Sekil 17. Dalga Transformasyonu




KIYI MODELLEMESI

Halic

Codasian Grid Module Cutrent_Magnitude 18838 00.00.00

Sekil 18. Hali¢ Birlesimi Modeli (Kagithane — Alibeykdy)



KIYI MODELLEMESI

Kurbagalidere

sediment; packed d50 Restart (m)

0.000070
0.000052
0.000035
0.000018

kil 19.Dere Ag
Seki ere Agz 0.000000



KIYI MODELLEMESI

Kurbagalidere

Sekil 20.Dere Agzi




TASKIN MODELLEMES]

USKUDAR - -

""' . Marmaray Girisleri
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Sekil 21. Cavusdere ve Bllblldere



BORU MODELLEMESI
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BORU MODELLEMESI

Pressure / Pressure
/ 0.00
Basinc /

1660000.000 / 15.00
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1642500.000 45.00
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CALKALAN

MA ANALIZ|

2.00e+00
1.90e+00
1.80e+00
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7.00e-01
6.00e-01
5.00e-01
4.00e-01
3.00e-01
2.00e-01
1.00e-01
0.00e+00

Contours of Phase ID (mixture) (Time=0.0000e+00)

Dec 27, 2012
ANSYS FLUENT 14.0 (2d, pbns, dynamesh, vof, LES, transient)




KARISTIRICI ANALIZ

Time = 0.000000

Turbulent Intesity
Turbulent Intensity vs Time
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Shear Stress (Pa)
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RUZGAR ANALIZ|

Velocity
Streamline 1

29.01

-21.76

H‘ 14.51

B 474
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VIV ANALIZ|
e
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Contours of Vorticity Magnitude (1/s) (Time=3.0000e+00) Mar 17, 2011
ANSYS FLUENT 12.0 (2d, pbns, lam, transient)
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PLANLANANLAR



OpenFOAM Nedir?

OpenFOAM acik kaynak kodlu tamamen dcretsiz bir hesaplamali akiskanlar
dinamigi (HAD) hesaplamalarini ve similasyonlarini yapabilecegimiz bir
yazilimdir.

o e S e

Magnitude

U
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CFD analysis of a water steam separation drum

designh geometry isosurface water velocity profile static pressure profile

2 —

R

<

2

&

\1

c water fraction at inlet: 10% simulation done by: Clemens Lischka (M. Sc.), 2016
Time: O sec volumetric flow: ~ 86 m3/hr contact: lischka.engineering@gmail.com
separation efficiency: > 99,9% this video is purely for educational uses




THINK Fluid Dynamix Solution Time 0.01 (s)

Avg TKE Water Monitor 2 Plot

-0.2+

-0.4*4

Avg TKE Water Monitor 2 (J/ka)

-04  -0.2 0 0.2 0.4
Physical Time (s)
Volume Integral 1 Monitor 2 Plot

Air Hold-Up Volume (mA3)
<

oY . -02 0 02 04
.zi/- Physical Time (s)

Volume Fraction of Air
0.0050000 0.0060000 0.0070000 0.0080000 0.0090000 0.010000
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Teknik olarak sanal gerceklik
terimi bireylerin orda olma
hissini yasadigi ¢ boyutlu
bilgisayar teknolojileri ile
olusturulmus ortama verilen
Isimdir.
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Artirlimis Gerceklik (AR) Nedir?

Artinlmis gercgeklik (AR) video,

grafik verileri gibi bilgisayar tarafindan
uretilip duyusal girdi ile artirilip
canlandirilan elemanlarin fiziksel,
gercek dunya ortamiyla birlestiriimesiyle
olusturulan yeni bir algl ortaminin

canli dogrudan ya da dolayli bir
gorantmuddar.



Augmented Reality
using High-Fidelity Models
Wind Tunnel

A. Badias, . Alfaro, D. Gonzalez, F. Chinesta and E. Cueto

>< abadias@unizar.es

applied
mechanics &
@ .. b i)i{;e-*r‘w;:;?f'i.;-n;-l i[ 1@;

Instituto Un iversitario de Investigacion ~ fessam = —
4= enlingenieria de Aragén age U n lverSIdad
@ Universidad Zaragoza 181 Zaragoza




Blender 3D

Blender 3D yazilimi da OpenFOAM gibi tamamen Ucretsiz ve acgik kaynak
kodlu bir yazilimdir. Batin dinyada 3D modelleme konusunda kendini
kanitlamis ve sektorde yerini almistir.



Blender ve Openfoam Birliktel

(@]

Openfoam araylziu olmayan kendi binyesinde karmasik modeller cizilmesi
oldukca guc kullanici dostu olmayan bir yapiya sahiptir.

Blender ise son kullaniciya daha ¢ok hitap eder. Kullanici dostu bir araylze sahiptir.
Karmasgik modelleri kolaylikla ¢cizmemize olanak saglar.

Buradaki amacimiz bu iki acik kaynak kodlu yazilimi duzenleyip kendi
yazilimlarimizla destekleyerek saglikli entegresini saglamak olacaktir. Bu sayede
CFD similasyonlarini kolay bir sekilde kullanici dostu blender arayizi ile yapmamizi
saglamaktir.



Blender, OpenFOAM, VR/AR Birlikteligi

Generating Mesh and Setting

Creating BIM Model Boundary Conditions

Converting Materia '
FBX/MAX N\ /7 VTK
Design Feedback

CFD Processing

VR Authoring & 3D Visualization
(VR Experience with Wide View Angle)

AR W6

Change Design Parameter
(Physical property) in VR Environment

Figure 1. Overview of the system process flow.



Blender, OpenFOAM, VR/AR Birlikteligi

https://www.youtube.com/watch?v=cczJBcAEfrE

https://www.youtube.com/watch?v=tAcRX7S7DDQ

https://play.google.com/store/apps/details?id=com.PMCLLC.CityCFDVR&hl=en



https://play.google.com/store/apps/details?id=com.PMCLLC.CityCFDVR&hl=en
https://www.youtube.com/watch?v=cczJBcAEfrE
https://www.youtube.com/watch?v=tAcRX7S7DDQ

