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Dersin Icerigi
(Course Description)

30-60 kelime arasi

Subuharmin termodinamik 6zellikleri. Clausius-Clapeyron esitligininsuyun suyun hal degisimi i¢in yorumlanmas.
Psychrometric diyagramin kullanilmasi. Bergeron-Findeisen-Wegener yagis olusum teorisi. Yayilma ve yogunlagma ile
yagmur damlasinin biylimesi. Egrilik ve ¢ozelti etkisi. Raoult kanunu, Kelvin ve K6hler egrisi. Atmosferik yogusma
cekirdegi, Collision-Coalesence teorisi. Yagis tipi. Bulut ve sis siniflamasi. Bulut tahmini. Yapay bulut tohumlama.

Review of thermodynamics of water vapor. Clausius-Clapeyron equations for liquid to vapor, ice to vapor and ice to
liquid water phase changes. Bergeron-Findeisen-Wegener theory of precipitation. Usage of the psychrometric chart.
Droplet growth by diffusion-condensation. Solution and droplet curvature effects on saturated water vapor pressure.
Raoult's law, Kelvin and Kéhler curves. Atmospheric condensation nuclei, Collision-Coalesence theory of precipitation
formation. Precipitation types. Cloud and fog classifications. Cloud forecasting. Artificial cloud seeding and weather
modification.

Dersin Amaci

(Course Obijectives)
Maddeler halinde 2-5 adet

l. Bulut i¢indeki fiziksel prosesleri 6gretmek,
1. Atmosferik nemin termodinamik uygulamada kullanma becerisi kazandirmak,
1. Bulut ve yagisin mikroyapisini tanimlayabilme becerisi kazandirmak.

1. To provide the concepts of the physical processes in clouds.
1. To provide an ability to use the applications of the thermodynamics of the moist in the atmosphere.

1. To give an ability to define the microstructure of clouds and precipitation.

Dersin Ogrenme
Ciktilar:

(Course Learning Outcomes)

Maddeler halinde 4-9 adet

Bu dersi basariyla tamamlayan 6grenciler;

I. Atmosferik gazlara uygulanan ideal ve Dalton gas kanunu tanimlayabilmek ve formule edebilmek.

II. Termodinamigin 1. Kanunudaki her terimi tanimlayabilmek, hissedilir ve gizli 1sidaki degisime gore analiz
edebilmek.

I1l. Durum degiskenlerini tanimlayabilmek ve thermo-diagram kullanarak diisey yiikselme esnasindaki hal
degisimini elde edebilmek.

IV. Atmospherik subuhari ile ilgili denklemleri segip kullanabilmek.

V. Nemlilik degiskenleri ve hal degisimini tanimlayabilmek.

V1. Clausius-Clapeyron denklemi kullanarak hal degisimini (stvinin buhar, buzun buhar ve buzun siv1 hale
gecmesi) ifade edebilmek.

VII. Bulut ve sis olusumunda doymaya ulasma siireglerini formule edebilmek.

VIIL Statik ve dinamik kararliligin bulut olusumuna etkisini tanimlayabilmek.

IX. Bulut siniflandirmasi, bulut olusumu ve gelisimi, bulut ve sis tahminini ifade edebilmek.

X.  Yagism gelismesini control eden siiregleri; ¢ekirdeklenme, yayilma ve garpisma hem sivi tanecik hemde buz
kristalleri i¢in ifade edebilmek.

XI. Kohler ve Kelvin esitliklerinden egrilik etkisini tanimlayabilmek.

XII. Soguk bulutlar i¢in yagis olusumunda Wegener-Bergeron-Findeisen siirecini idafe edebilmek.

On completing this course students should :
I. To be able to define atmospheric air composition and mixture of ideal gases and to be able to formulate the
equation of ideal gas and Dalton’s law.
Ii. To be able to identify and analysis each term of the first law of thermodynamics according to sensible and
latent heat.
[ii. To be able to identify state variables and exploit process in which improve according to increase altitude
with using thermo-diagram.
V. To be able to select and utilize appropriate equations related to atmospheric water vapor.
V. To be able to identify humidity variables and phase change (mixing ratio, specific humidity, absolute
humidity, relative humidity, virtual temperature, dew point temperature, potential temperature)
VI. To be able to describe phase change for liquid to vapor, ice to vapor and ice to liquid water phase changes
with using the Clausius-Clapeyron equation.
VII. To be able to formulate process of reaching saturation for formation of clouds and fogs.
VIII. To be able to describe atmospheric static and dynamic stability and their effects to form clouds.
1X. To be able to describe cloud classification, cloud development and forms, cloud and fog forecasting.
X. To able to describe process control the growth of precipitation: nucleation, diffusion, and collision for both
liquid droplets and ice crystals.
XL To able to describe the curvature effect from Kohler and Kelvin equations.
XI1. To able to describe the Wegener-Bergeron-Findeisen process to form precipitation for cold clouds.
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Odevler ve Projeler Ogrencilere dersi daha iyi anlamalar1 amaci ile 8dev verilecek ve bu ddevler bir hafta sonra toplanacaktir. Odev
sorularindan sinavlarda yararlamlabilir.

Diger Kaynaklar

(Homework & Projects All homework problems are to be HANDED IN a week after they are assigned. Homework problems may be used as

a source for exams.

Laboratuar Uygulamalari

(Laboratory Work)

Bilgisayar Kullanim

(Computer Use)

Diger Uygulamalar

(Other Activities)

Basar1 Degerlendirme
Sistemi

(Assessment Criteria)

Faaliyetler
(Activities)

Adedi
(Quantity)

Degerlendirmedeki Katkisi, %
(Effects on Grading, %)

Yil I¢i Sinavlart
(Midterm Exams)

1

20%

Kisa Sinavlar

(Quizzes)

20%

Odevler
(Homework)

20%

Projeler
(Projects)

Dénem Odevi/Projesi
(Term Paper/Project)

Laboratuar Uygulamasi
(Laboratory Work)

Diger Uygulamalar
(Other Activities)

Final Sinavi
(Final Exam)




DERS PLANI

Dersin
Hafta Konular Ciktilari
1 Review: Basic Concepts and Systems of Units |
2 Application of 1st Law of Thermodynamics to the atmosphere 1-11-111
3 State Variables and State Functions 1-11-111
4 Water Vapor and its Thermodynamic Effects 1V-V-VI
5 The Clausius-Clapeyron Equations and Bergeron-Findeisen-Wegener theory 1V-V-VI
6 Observed Properties of Clouds and Formation of Cloud Droplets VII-VIII
7 Microstructure of cumulus clouds Midterm Exam VIl
8 General aspects of cloud and precipitation formation VII-1X
9 Nucleation of liquid water in water vapor 1X-X
10 Processes that form and modify clouds X-XI
11 Heterogeneous nucleation of cloud drops, Kelvin's equation and Kohler curves X-XI
12 Precipitation types, Cloud classification and Cloud development and forms X-XI-XI11
13 Cloud and precipitation modification XI-XI11
14 Thunderstorms 1I-1V-V
COURSE PLAN
Course
Weeks Topics Outcomes
1 Review: Basic Concepts and Systems of Units |
2 Application of 1st Law of Thermodynamics to the atmosphere 1-11-111
3 State Variables and State Functions 1-11-111
4 Water Vapor and its Thermodynamic Effects IV-V-VI
5 The Clausius-Clapeyron Equations and Bergeron-Findeisen-Wegener theory IV-V-VI
6 Observed Properties of Clouds and Formation of Cloud Droplets VII-VIII
7 Microstructure of cumulus clouds Midterm Exam VIII
8 General aspects of cloud and precipitation formation VII-1X
9 Nucleation of liquid water in water vapor 1X-X
10 Processes that form and modify clouds X-XI
11 Heterogeneous nucleation of cloud drops, Kelvin's equation and Kohler curves X-XI
12 Precipitation types, Cloud classification and Cloud development and forms X-XI1-XI1
13 Cloud and precipitation modification XI-XI1
14 Thunderstorms 11-1V-V




Dersin Meteoroloji Miihendisligi Programiyla iliskisi

Katki Seviyesi

Programin mezuna kazandiracag bilgi ve beceriler (programa ait ¢iktilar) 1 >

3

Atmosferik gazlara uygulanan ideal ve Dalton gas kanunu tanimlayabilmek ve formule edebilmek.

Termodinamigin 1. Kanunudaki her terimi tanimlayabilmek, hissedilir ve gizli 1sidaki degisime gore analiz edebilmek.

Durum degiskenlerini tanimlayabilmek ve thermo-diagram kullanarak diisey yiikselme esnasindaki hal degisimini elde
edebilmek.

X
X
X

Atmospherik subuhart ile ilgili denklemleri segip kullanabilmek. X

Nemlilik degiskenleri ve hal degisimini tanimlayabilmek.

Clausius-Clapeyron denklemi kullanarak hal degisimini (stvinin buhar, buzun buhar ve buzun sivi hale gegmesi) ifade X
edebilmek.

Bulut ve sis olusumunda doymaya ulagma siireglerini formule edebilmek.

Statik ve dinamik kararliligin bulut olusumuna etkisini tanimlayabilmek.

Bulut siniflandirmast, bulut olusumu ve gelisimi, bulut ve sis tahminini ifade edebilmek.

Yagisin gelismesini control eden siiregleri; ¢ekirdeklenme, yayilma ve ¢arpigma hem siv1 tanecik hemde buz kristalleri
i¢in ifade edebilmek.

Kohler ve Kelvin esitliklerinden egrilik etkisini tanimlayabilmek. X

Soguk bulutlar i¢in yagis olusumunda Wegener-Bergeron-Findeisen siirecini idafe edebilmek.

1: Az, 2. Kismi, 3. Tam

Relationship between the Course and the Meteorological Engineering Curriculum

Level of
Program Outcomes Contribution

1 2

To be able to define atmospheric air composition and mixture of ideal gases and to be able to formulate the equation of X
ideal gas and Dalton’s law.

To be able to identify and analysis each term of the first law of thermodynamic according to change of sensible and X
latent heat.

To be able to identify state variables and exploit process which occurs through rising altitude with using thermo- X
diagram.

To be able to select and utilize appropriate equations related to atmospheric water vapor. X

To be able to identify humidity variables and phase change (mixing ratio, specific humidity, absolute humidity, relative X
humidity, virtual temperature, dew point temperature, potential temperature).

To be able to describe phase change for liquid to vapor, ice to vapor and ice to liquid water phase changes (which are X
significant for cloud formation and precipitation) with using the Clausius-Clapeyron equation

To be able to formulate processes of reaching saturation for formation of clouds and fogs. X

To be able to describe atmospheric static and dynamic stability and their effects to form clouds.

To be able to describe cloud classification, cloud development and forms, cloud and fog forecasting.

To able to describe process control the growth of precipitation; nucleation, diffusion, and collision for both liquid
droplets and ice crystals.

To able to describe the curvature effect from Kohler and Kelvin equations. X

To able to describe the Wegener-Bergeron-Findeisen process to form precipitation for cold clouds. X

1: Little, 2. Partial, 3. Full
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