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A!mos!el rin !apls.l l— -

» Hava kirliliginin olusumu, etkileri ve kontrol ydontemlerini
belirleyebilmek:
* Atmosferi olusturan gazlar
* Atmosferin katmanlari
* Bu katmanlardaki fiziksel ve kimyasal reaksiyonlar

» bilinmelidir.
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Temiz kuru havanin Not: 1 ppm hadim =
Molekiil Sembol ppm (hacim) pg/m?3
Azot N, 780000 8.95 x 108
Oksijen 0, 209400 2.74 x 108
Argon Ar 9300 1.52 x 107
Karbon Dioksit co, 315 5.67 x 10°
Neon Ne 18 1.49 x 104
Helyum He 5.2 8.50 x 10?
Metan CH, 1.0-1.2 6.56 — 7.87 x 102
Kripton Kr 1.0 3.43 x 103
Nitroz Oksit N,O 0.5 9.00 x 10?
Hidrojen H, 0.5 4.13 x 10*
Ksenon Xe 0.08 4.29 x 102
Kreider J F, Cohen R R H, Cook N E, Curtiss P S, lllangasekare T, Kreith F, Rabl A and Zannetti P (1999) Environmental Engineering,
Mechanical Engineering Handbook, Ed. F. Kreith, CRC Press LLC, U.S.A.

Karisim Oran

1 liter pollutant

1 ppm (vol) pollutant = 1% liter air

_ __ (1liter/22.4) x MW X 10°ug/gm
10° liters X 298°K/273°K x 1073 m?/liter
= 40.9 X MW ug/m’

(25 °C ve 760 mm Hg basing altinda)

ppm: milyonda bir (parts per million)
ppb: milyarda bir (parts per billion)
ppt: trilyonda bir (parts per trillion)
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Problem ——— I-I -

» https://www.co2.earth/ web sitesi Agustos 2019 tarihi icin
kiresel CO, konsantrasyonunu 409.95 ppm olarak belirtmistir.

» Buna gore atmosferdeki CO, konsantrasyonunu pig/m?3 olarak
hesaplayiniz.

» MW, = 44 gr/mol
» 1 ppmv =40.9 x MW pg/m?=40.9 x 44 = 1799.6 pug/m3
>408.05 ppmv — 1799.6 X 409.95 = 7.38 x 10° ug/m?

Kuru Havanin Mo|e!u| Ml -

»M, =, C;M;

»My = CyayMyy + CoaMoy + Cap My + -

»M, = (0.78). (28 x 1073) + (0.21).(32 x 1073) +
(0.01). (40 x 10~3)

>M, =28.96 X 103 kg/mol
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Bagil Nem (Relative HUME) -

>RH(%) = 100, —-H20

Py 20,sat(T)

»RH >100% - Bulut olusumu
> Pioo = Przosat — Giglenme noktasi

Nemli Havanin Mo‘e!’ uml -

>1V1a,nemli = (1 - CHZO)Ma,kuru + Cr20Mpy20

> Ornegin, su buharinin karisim orani 0.03 ise nemli havanin
molekdl agirhgi nedir?

> Mg pemii = (1 — 0.03) x 28.96 x 10~3kg/mol + 0.03 x
18 x 1073kg /mol

» Mg nemu = 28.63 x 1073 kg /mol
» Nemli hava kuru havadan daha hafiftir.




80.0 Sicaklik

272

Yiikseklik (km)
3

216

Sicaklik

100 - Basing "*-

|Termosfer

Mezosfer

| ¢ Stratopoz

Stratosfer

{ ¢=mmmm Tropopoz

L
0.2

1
04

L
0.6

Basing (bar)

L
0.8

1
190 210

230

Sicaklik (K)

250

1
270

Troposfer

14.11.2019

(216 K) duser.

» Basin¢ 1013 mb’dan 20-140 mb’a kadar duser.

» Yer yuzeyinden baslayan ilk 11-12 km’lik atmosfer katmani.
» Meteorolojik olaylar bu boélgede gerceklesir.
» Yuksege cikildikca sicaklik yaklasik 15 °C’den (288 K) -57°C’ye
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Serbest Troposfer — !lnllrm!Ta ba_

Tropopause
11 km Atmosferik
Serbest Taginim
2a
Free Atmosphere Troposfer Y
TI’ODO sphere

K - L Sinir Katman
kD Planetary Boundary Layer I Tabakasi 7-10 giin

PBL ylksekligi (HPBL) genellikle 1-2 km arasinda degisir (zamana ve konuma bagh).
https://www.shodor.org/os411/courses/411c/module06/unit01/page01.html

Sinir Katman Tabé!a !UMPBL)-

» Karisim Yiiksekligi olarak da bilinir.

» Hava kirleticilerinin hava icerisinde tam karisimli olduklari
yuksekliktir.

» Karisim yliksekliginin belirlenmesi hava kirliligi problemlerinde
oldukca onemlidir.




14.11.2019

Seasonal Variation in the Height of the Mixing Layer

Spring

Summer Autumn

©The COMET Program
http://stream1.cmatc.cn/pub/comet/FireWeather/S290Unit6AtmosphericStability/comet/fire/s290/unit6/print_3.htm

Stratosfer

» 11-50. km’ler arasinda troposferin lzerinde yer alir.
» 20-30. km’ler arasinda Ozon tabakasi bulunur.
» Bu tabaka glinesten gelen UV-B isinlarini tutar.




“ Atmosferik Basing

Vacuum
» P, = Pu, 9 h
H
3 A > Pyg : Civanin ozgll agirhigi (13.6 gr/cm?)
» g : yercekimi ivmesi (9.8 m/s?)
Atmospheric e . . N
pressure » h : yukseklik (deniz seviyesinde 76 cm)

I

Pa=1.013 x 10° Pa =1013 hPa =1013 mb
=1 atm =760 mm Hg = 760 torr
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" Atmosferin Kiitlesi

» Dlinya yer ylizeyindeki ortalama basing 984 hPa ise toplam
atmosfer kutlesini (m_, ) hesaplayiniz.

atm

>P = pgh: Mgh =M.g.h — Matm-9

1% Ah 4.1.R2
4T.R2P  4.m.(6400km)2.984hPa
g 9.81 m/s?




» Toplam atmosferdeki kitlenin ne
kadari troposferdedir?

> Ptropopoz __ 100 hPa
1000hPa

p yluzey

” Firoposter : troposfer fonksiyonu
> Fuoposter = 1 — —222229Z — (.90

troposfer Pyijzey

» Toplam atmosferdeki kitlenin ne
kadari stratosferdedir?

” Petratopoz = 0.9 hPa

> F _ Ptropopoz—Pstratopoz _
stratosfer — -

0.099

p yuzey
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Problem ——— I-I -

Atmosferin Kitle Dagili

The Decrease of Air Pressure and Air Density with Altitude

A 500 ¥ o
<| 400 - SR
¥ . a
) H o
3| 300 : » Troposfer = % 90
s . . Molecules & ° 4 o
2| 200 Air D'e'nmty ‘?‘o o > Stratosfer = % 9.9
"o : gl =0
- 4 f% " oo » Mezosfer =% 0.1
Air Pressure 8 O%% o°o° o
3 AR
Lower > Higher
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Atmosferik Taginim —I -

» Atmosfer icinde i1sinin ya da diger 6zelliklerin dikey hareketine
Konveksyion (convection) denilir.

» Atmosfer icinde i1sinin ya da diger 6zelliklerin yatay hareketine
Adveksiyon (advection) denilir.

Atmosferik Tasinim —l -

Atmosferik tasinimda etkin » Yataydaki tasinim basing
olan kuvvetler: gradyani ile coriolis kuvveti
> Yercekimi arasindaki dengeye baglidir.

» Basing gradyani

% Coriolis kuvveti » Dikeydeki taginim yergekimi
ile basing gradyani arasindaki
dengeye baghdir.

10
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Coriolis Kuvveti

I iy » Kuzey yarim kiirede bitln
- sapmalar sag tarafa dogru olur.

» Gliney yarim kirede bitlin
A sapmalar sol tarafa dogru olur.

ot » Ekvatorda coriolis kuvveti sifirdir.

North Pole

Coriolis Etkisi Video
https://www.youtube.com/watch?v=mcPs OdQOYU

= Target moves
Rotating Earth

Air motion in cyclones & anticyclones

NORTHERN HEMISPHERE = 4
Anticyclones Cyclones
Lower Atmosphere---Pressure Gradient Force,
Coriolis Effect, and Friction:

SOUTHERN HEMISPHERE

o

Coriolis
Effect

Pressure
Gradient

Kuzey Yarimkiire

11



P-AP k|

¥ Equilibrium
-V i

> Y. =2.w.V.sink

» ¥ : coriolis ivmesi

» w: dlinyanin agisal hizi

» V: nesnenin dinyadaki hizi
> A :Enlem

>%:—5VP

> ¥p : basing ivmesi

o 4 a
27 =(3505)
» V:gradyan vektori
» Y5 : sUrtlinme ivmesi
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Hava Parseline ea!ay!M !Kuvv_

Ruzgar Hareketleri

Polar high
—— —

» Ekvator bolgesi: Intertropical
Convegence Zone (ITCZ)

» 20° — 30° enlemler: dogu
rizgarlari

» 30°: yuksek basing bolgesi

» 30°den yukari enlemler: bati
rizgarlari

Ruzgar hareketleri video
https://www.youtube.com/watch?v=Ye45DGkqUKE

http://www.surfline.com/surf-science/surfology-101-with-chris-borg---forecaster-blog_77428/

12



http://acmg.seas.harvard.edu/people/faculty/djj/book/bookchap4.htmi
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“Havanin Kaldirma Kuvv

Ftop)

Plbottorm)

ncy)

> Fnet=(p’-p) Vg
> v, = P'_‘P_
b P g

> vp: bouyancy ivmelenmesi
» p’: cismin Ozkitlesi
» p: akiskanin 6zkatlesi
» g: yercekimi ivmesi
> Ideal gaz kanunundan p ~ 1/T
1/T - YT T-T
/ /T H.g= T 9

> yp =

13



Atmosferik Stabilite

p
» Adiyabatik: 1s1 alisverisi yok (dQ=0)
»-dT/dz : lapse rate
»Cp:1.0 x 103 J kgt K (havanin isI kapasitesi)

» Sicaklik her 100 metrede yaklasik 1°C azalir.

» Kuru havanin adiyabatik yikselmesi (Dry adiyabatik lapse rate)
M =—dT/dz :Ci =9.8 K km"
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" Atmosferik Stabilite

Ty

U oe— (adiabatic profile)

Tarm
/ (atmospheric profile)

Ylkseklik — m——

Kuru havanin
adiyabatik ylkselmesi

Stabilite azalr

Stabilite artar

Sicaklik terslemesi

/ (inversiyon)

Sicaklik

—
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ATMOSEHERIC SEABILILY IFigure !: Trajectory o' a |i!e! purce| un!er !i!erem environmeniu' iupse rates
® v Stable Neutral Unstable
. Neutral ELR > DAR ELR = DALR ELR < DALR
A A A
ELR
. Stable ° "
_§ < DALR <
< < <
A
Temperature Temperature Temperature
Source: Somnath Baidya Roy
Unstable Stable MNeutral . . . . .
T parcel > T air T parcel < T air T parcel = T air DALR: Dry adiabatic lapse rate (Kuru havanin adiyabatik diisme orani)
Parcel is lighter Paealis Faavias Parcel stays put. ELR: Environmental Lapse Rate (Cevresel sicaklik disme orani)
and moves up. and moves down.

http://eesc.columbia.edu/courses/ees/climate/lectures/atm_phys.html

Bazi Tanimlar

» Yatayda hava hareketlerinin kesilmesi: riizgarsiz hava (calm)

» Dikeyde artan hava sicakligi nedeniyle hava hareketinin
engellenmesi: inversiyon veya sicaklik terslemesi (inversion)

» Yatay ve dikeyde hava hareketinin 24 saatten fazla
gerceklesmesi: duraganlik (stagnation)
» Duraganlik ile birlikte kirletici konsantrasyonlarinin artmasi:

epizod (episode)

15



Terslemesi

) Temperature
profile

Altitude ———

Mixing layer

Temperature ——

& 2005 Thomson - Brooks/Cole

Kuru havanin
adiyabatik
yukselmesi

Atmosferik profil

(I
f& Strong lapse condition
t 4 LOOPING
emperature—s

= "

2 Weak lapse condition

| * CONING

emperature—»

T 8 ()

=

2 Inversion condition

T 5 FANNING
Temperature—

1 d)

£ .

2 Inversion below, lapse aloft

| Y LOFTING
Temperature—»

=]

2 Lapse below, inversion aloft

T % FUMIGATION
Temperature—

T @

E

8 Weak lapse below, inversion aloft

I 5 - TRAPPING
Temperature—s-

Kaynak:
Prasanijit Dash,
Meteorological
processes in the
boundary layer
and their
implications on
the surface
temperature
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Atmosferde Dikey |a§|nF l -

StratoOPauUSe - - - - ccvem e

[§70]0T0) o 11 T B S & P [

PBL top 1 wk,

surface

http://acmg.seas.harvard.edu/people/faculty/djj/book/bookchap4.html

» Rizgar hizinin yikseklige bagh degisimi
> U, = U (Zio)p
> u, : z yuksekligindeki riizgar hizi (m/s)

» Uy : anomometre ylksekligindeki rlizgar hizi (m/s)
>z : yukseklik (m)

>z, : anomometre yuksekligi (m) (genellikle 10 m.)

» p : katsayi (atmosferik kararlilik sinifina gore degisir)

17
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Atmosferik Kararlil}

Pasquill Kararhihk Engebeli arazi icin p
Sinifi

A (en kararsiz) 0.15
B 0.15
C 0.20
D 0.25
E 0.40
F (en kararl) 0.60

pD

0.07
0.07
0.10
0.15
0.35
0.55

Kara ve Deniz Meltem

e

http://climate.ncsu.edu/edu/k12/.breezes
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