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Dryness fraction (quality) of the steam is highly important in places where steam is generated, consumed 
and conveyed. Steam separators which allow separation of saturated steam and saturated liquid phases from 
each other are used in steam boilers, on steam lines and consumption points with different types. In the 
scope of this study, some tests have been realized on a test unit which was designed and manufactured for 
performance evaluation of horizontal cyclonic type saperators. This is one of the seperator types used for 
increasing dryness fraction of steam in the upper (steam) drum of water tube boilers. The test unit consists 
of 4 pcs main sub-systems. These are; the electric powered steam generator where required steam sample 
for the tests is generated; steam drum including separator; calorimeter unit used for measurement of dryness 
fraction of steam and steam superheater designed for verification of measured values by the calorimeter. 
Dryness fraction values of steam at the inlet and outlet of the separator, required for performance evaluation 
of the separator have been obtained by separating and throttling calorimeter method which is one of the 
methods for measurement of the dryness fraction of steam. It is observed from the results that, efficiency 
of the investigated horizontal cyclonic type separator increases with increased test pressure. 
 

Keywords: Calorimeter, Dryness fraction (quality) of steam, Steam boiler, Steam separator 
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Simgeler 
 

 :  

 : ) 

 :  

 :  

 : oC) 

A : Alan (m2) 

Cp :  

DN :  

e :  

g :  

h :  

hf :  

hfg :  

hg :  

h  :  

L : Uzunluk (m) 

m :  

P :  

PN :  

: k (kg/m3) 

s :  

T : oC) 

t : Zaman (s) 

V : Voltaj (V) 

 : ) 

x : Kuruluk derecesi 

x1 :  

x2 : uluk derecesi 

xn : Numunenin kuruluk derecesi 

 : Verim 

 
 
 



x 
 

 
 

A. K. :  

ASME :   

dk : Dakika 

E. F. :  

EN : Avrupa normu (European norms) 

E-X :  

K. K. :  

Maks. : Maksimum 

Min. : Minumum 

mSS :  

 :  

P&ID :  

PED :  

h : Saat 

Sep. :  

s :  Saniye 

 
 

 

@ :  

bn : Buhar numunesi 

doy : Doyma 

 :  

m : Model 

n : Numune 

p : Prototip 

Rez : Rezistans 

e : Elektriksel 

1 :  

2 :  

3 :   

4 : A  

5 : A   

6 : K   
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stri devrimi, 

 

  

 

,   Buhar, 

 

 

enerjisini ya da bir 

 olarak 

. 

 

edilebilmektedir. 

enerji talebi

 de 

  , bu konunun 

 

 

1.1.  

 

2003). 

 Bu 

nedenle,   



2

 
 

;  test 

tipl  

  

, in test 

 

 

1.2.  

 

r 

- -

 

Sarco Inc., 2004). Girdi-

belirlenmesi gerek

 2012). 

  

borulu  ( . 

 

-

 



3

 
 

 

 

 

 

engellenmesi. 

.1  

r.  

 

 
 

1.  
 

-

, ikincil bir 

sepera

;  
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. 

saatte maksimum  su 

1.2 de, performans 

 incelene  

  

 

 
(a) 

 

 
(b) 

 
.2.  
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m 

ol

.1  

 D tipi su borulu  buhar 

 

 

 
1.  

 

ipi   : D tipi su borulu   
Buhar k da kulla  :    

apasitesi : 25000 kg/h 
 : 14 barg 

ntalpisi (hf) : 419.06 kJ/kg 
ntalpisi (hg) : 2792.2 kJ/kg 

Entalpi f (hg- hf) : 2373.14 kJ/kg 
apasitesi : 16480.14 kW 
apasitesi : 14172919.44 kCal/h 

y y  : 52 kg/hm2  
transfer y a  : 480.77 m2 

alt d  : 8250 kCal/Nm3 
alt d  : 12993 kCal/kg 

Hava y o  : 17.2   
y  : 0.635 kg/m3 

yanma verimi : 0.87   
Hava f k  : 1.1   

t  : 1974.63 Nm3/h 
t  : 1253.81 kg/h 

Stokiyometrik hava : 21565.48 kg/h 
Gerekli teorik yanma h  : 23722.03 kg/h 
Baca g debisi  : 24975.83 kg/h 
Baca g y  : 0.69 kg/m3 
Baca g debisi : 36196.9 m3/h 

 

1.  



6

 
 

1.2.  
 

1. Durum: Kazan d buhar  (x=1) 
hf@14barg : 845.1 kJ/kg 

hfg@14barg : 1947.10 kJ/kg 

f+xhfg) : 2792.2 kJ/kg 

hfg@14barg : 1947.1 kJ/kg 

Kazan buhar retme kapasitesi : 25000 kg/h 

Toplam retilecek ve iletilebilecek enerji : 13521.53 kW 

2. Durum: Kazan slak buhar  
hf@14barg : 845.1 kJ/kg 
hfg@14barg : 1947.10 kJ/kg 

f+xhfg) : 2597.49 kJ/kg 
gizli hfg@14barg : 1752.39 kJ/kg 

Kazan buhar retme kapasitesi : 25000 kg/h 
Toplam retilecek ve iletilebilecek enerji : 12169.38 kW 

 

 b ; 

; buhar 

   

)

transmitteri 

eder. Islak buharla kuru buhar  entalpilerinin fa

1. 1.4  de 

 

 

1.3.  sistemdeki 
 

 

  : 1620.13 Nm3/h 
 : 162.01 Nm3/h 

 : 1782.15 Nm3/h 
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1.4.  
 

 : 7200 h  

 : 1166496.69 Nm3/h 

 (Anonim 6, 2017) : 0.75 TL/Nm3 
Fazladan Harca

 
: 874872.52  TL 

Kur : 6.15 Eur/TL 

Fazladan Harcanacak Enerji Maliyeti  : 142255.69  Eur 
 

 

 ve sistem verimini 

na

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



8

 
 

2.  

 

Bodhke ve ark. (2014); 200 kg/h

 

nda 

kuru 

 

lorimetresindeki 

manometreden 0.

kalorimetresinden sonra buhar 

-

 

 

Kuruluk derecesi bil r ilk olarak 
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-

 

 

 

-

nek 

 r. Bu 

 tahmin 
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3. MATERYAL VE  

 

test sine ait bilgiler . 

 

3.1. Borulama ve   

 

Bir proseste , 

 

 

verilmektedir. 3 boyutlu proses t

, . 

 3  

 

 
 

3.1. Test e ait  
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 E-  

 kod 

numaralar , ilgi  

 

 harflerle  

prosest  

den 6  

 

  , 

  

  

 l   

 , 

 6 

 

 

3.2.  

 

 

3.2  

 

 
 

3.2. Test e ait  
 



12

 
 

  

3.2.1.  

3.2.2.  

3.2.3.  

3.2.4.  

3.2.5.  

3

 

 

 
 

3.3. Test 3 boyutlu ta  
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3.2.1.  

 

:  Elektrikli 

 il 3.4    

 

 
 

3.4.  
 

-

isindeki su seviyesi, 
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i

 

  

  

3.2.1.1.  

3.2.1.2. Besi suyu pompa grubu 

3.2.1.3. Elek  

3.2.1.4. Kontrol panosu 

 

3.2.1.1.  

 

: 

te rlenmesinin 

engellemektir. 

tankta toplanarak  hem su 

etimi  hem de tanktaki su
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Kondens (besi suyu depolama)  3.5   P&ID kod 

 E-  

 

 
 

3.5. Kondens  
 

  3.1   
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 3.1. Kondens  
 

Tam dolu su hacmi : ~125 lt 
Maksimum izin   : Atmosferik 

 : 0,5 barg 
 : 80 kg/m3 uklu, 50 mm 

 
malzemesi :  

 

   

 on/off 

r. 

  P&ID kod 

 E-6  . 

 isindeki 

 t

tiptir. 

P&ID  E-

82 ir. 

 K

 

P&ID  E-3 r. 

tutucu (P&ID  E-2) ve kesme 

 (P&ID  E-1, E-4, E-5) grup 

 

  

  i

 P&ID kod 

 E-8  

   

ahiptir. 

  Herhangi bir nedenle su seviyesi kontrol 
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d

 

kondens  

 tank  P&ID  E-14

r. 

Servis    servis, temizlik vb. 

 

 

sahiptir.  

 

3.2.1.2. Besi suyu pompa grubu 

 

. Besi suyu pompa grubuna ait 

3.4   P&ID  E-11  

 

 
 

3.4.  
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 3.2   

 

 3.2.  
 

 :  0.5 m3/h 
 : 100 mSS 

Tip :  
 ve besleme : 0.75 kWe  380 V  50 Hz  2900 d/dk 

 :  
 

 

  

p 

 P&ID  E-

9  dur. 

   durumda pompa    

, 

erek tamirinin pa 

 P&ID  E-

10  dur. 

  

 gelmesini 

 P&ID  E-12  

   

 P&ID  E-13  r. 
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3.2.1.3.  

 

 

mekanik ve elektronik sistem 

 3  P&ID kod 

 E-  

 

 
 

 3.5.   
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 3.3   

 

 3.3.  
 

 : 30 kg/h (F&A 100oC) 
Tam dolu su hacmi : ~78 lt 

 : 10 barg 
 : 11.5 barg 

 : 19.14 barg 
 : 25 kWe  380 V  50 Hz 

 : 80 kg/m3 00 mm 
 

 : 355GH) 
 

  

 

istenmeyen maddelerin 

vana  buhar 

i  PN16 DN15 

 P&ID 

 E-21  

Su seviye kontrol probu  istenen su 

 P&ID kod 

 E-25  

  

 tiptir. 

 (P&ID  E-

16, E-19, E-20)  

metal a ana 

. P&ID  E-

18  
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 i

 Sistemde, 100 mm 

-

vanala  

 P&ID  E-2  

 i

Sistemde, 4- a ve 0-16 

 i 

 P&ID 

 E-26  r. 

 i

mekanik olarak kontrol edilmesi 

Sistemde, 1-17 

  

 P&ID  E-28 ir. 

  

 P&ID  E-15  

 Buhar jenerat

  

p glob tip vana 

 P&ID  E-24  r. 

  

jenera
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, 

 P&ID  E-23  r. 

Emniyet ventili B i

 

P&ID  E-22  

I   

  f

-Ni  malzemeden imal 

 Elektrik beslemesi 380V  50 Hz  

 P&ID  E-16  r. 

  

 

 3.4  

 

 3.4.  genel  
 

 : 30 kg/h 
imaks) : 10 barg 

g) : 2781.33 kJ/kg 
f) : 419.101 kJ/kg 

 

a   bir sistem olan buhar sistemine ilk olarak S

D uygulanabilir. , Denklem 3.1  

 

                       (3.1) 
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3.1 Denklem 

3.1  3.2   

 

             (3.2)

     

  kontrol hacmi T  Kanunu 

uygulanarak, Denklem 3.3 3.4 elde edilir. 

Denklem 3.3  deki   

 

                                                                           (3.3) 

 = 0         (3.4) 

 

. 

   

   

   

   

3  uygulanarak Denklem 3.5 elde edilir. 

 

            (3.5) 

 

, Denklem 3.5 3 a  

 

         (3.6) 

                 

                         

Denklem 3.6 da elde edilen 19.68 kWe isindeki suya istenen 
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 r. Bu nedenle 

  (E.F.) bulunan net 

 in 

   

 i, Denklem 3.7  

 

            (3.7) 

            

            

 

Buhar j   , 

3.5 , 3.5 e 3.6   

 

 3.5.   
 

aks.  (6.  
(Anonymous 2, 2016) 

: 13.9* W/cm2 

Eleman  : 8.5 mm 
Eleman u + 5 cm  : 45 cm 

eleman adedi : 8 adet 
 : 41 mm 
 : 328 mm 

 : 672.8 cm 
 : 1796.56 cm2 

 : 24972.18 W 
 

 
 

3.5.  
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3.6. Buh  
 

5 

lge ve 7  

 

3.2.1.4. Kontrol panosu 

 

: i  

 

elektriksel d  Sistemin 
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 Kontro 3.  

 P&ID  E-80  

 

 
 

3.7. Kontrol panosu  
 

:   3.6

da  

 

 3.6. Kontrol panosunun  
 

  : -LCD Ekran 
PLC  : Fatek FBs-40MAT  24 diji

 
 : Elektros  

 : IP54 
 : Fatek FBs6AD   
 : Fatek FBs2DA   

 : Omron 24VDC 10A 
Rezistans  : Oransal  SSR (Solid state relay) 
Analog s   : Fatek FBs6TC   

- kapasitesi : Pako - Siemens 3LD2514 63 A 
 : Mevcut 

Uz  : Mevcut 
 : 2 adet Entes Mpr-34-20s 

 : Mevcut 
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ndaki kablolama

elektrik r. 

kontrol panosunun elektrik projesin  b ler 3.8 e  

 

 
 

3.8. Kontrol panosuna ait elektrik projesi  
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 : 

WinProLadder V3,25   

 PLC prog

   3.9 a  

 

 
 

 3.9. Kontrol panosunun PLC  
 

 IX Developer V 

2.40  Dokunmatik ekran

 

 Ana sayfa 

  ( )  

 T  

  (teknisyen)  

  

  

  

  

Ana sayfa

 ; 1, 2, 3,  

 

PLC' de i lenen verilerin   



29

 
 

utonuyla 

tart  butonuda bu sayfada 

 Ana sayfaya ait 3.10 a  Her 

sayfada yer alan  

 

 
 

(a) 
 

 
 

(b) 
 

3.10. (a) Ana sayfa (b)  
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:  Bu 

 Bu sayfada Set D  

i

isinde eksilen 

 paral i

i  , 

isterezis Set D  

 

dijital anahtarlar a, 

tmosfer B D   

 ait  3.11 e  

 

 
 

 3.11.  
 

 

 ait  3.12 e  



31

 
 

 
 

(a) 
 

 
 

(b) 
 

3.12. (a)    
 

: S  k  

  K Set D

 parametredir. 
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  Girilen bu 

tablosuda, bu sayfa en  

 ait  3.13 e  

 

 
 

3.13.  

 

 

 Test (kazan : 

  

test .    
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 test numune 

debisinin b  

 1 

,  

 parametred  

 4 

 

 4 

irimi oC  dur. 

 5  

 

 5 

kalo
o  

 f5 

  

 . Birimi kJ/kg  r. 

 fg5 

-

 

 g5 

  

 6 6  

kalorimetresinin  
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Tdoy,6

d  doyma 

  

 ,6 

 
o  

 g6 

 okunan doyma 

. 

 p6 (C ) 

kalorimetresinin   

K  dir 

 ,6 

kalorimetresinin ki  

 

 

 

Birimi kg . 

 kondenser,A.K.

isinde birikererek  kondenser 

 

 kondenser,K.K.:  

kalorimetresinin isinde birikererek  

 

 bn

. 

 Buhar numunesi debisi : 

hesapla  Birimi kg/h  dir. 
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A.K. (A kalorimetresi) kuruluk derecesi x1:

. Boyutsuzdur. 

 cesi x2:  kalorimetresindeki 

 

 Num. kuruluk derecesi xn

Boyutsuzdur. 

: ve alarm 

  

  ait  

3.14. e, ikinci 3.15 e  

 

 
 

3.14. -1 
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3.15. -2 
 

 n don

 engel olmak 

  

 

 uhar  

 

  

 

 Transmitter 1 ma

transmitterinin, okuma  

 

transmitterinin, okuma alt  

 

 

   bulunan 
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 Transmitter 2 analog maks

 

 

 

 

 

 

tra  

 

 

 Transmitter 4 min. d

 

   

parametredir. 

 

 

 Transmitter 
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Transmitter 6 i: 

 

 

 

 

 vre

 

 

 devre  

:  zamana 

  grafik  Sistem devredeyken 

 Gra 3.16 a  

 

 
 

3.16. Grafik  
 

  

  da yer 

. 3.17 e  
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3.17.   
 

 

  Panoda 

   

 Test 

 

farkedilemeyecek herhangi bir problem olup 

  fikir vermektedir.  

 

 3.18 e  
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3.18.   
 

 

   Alarm 

 Alarm sayf

3.19 a  

 

 
 

3.19. Alarm  



41

 
 

 

giderilmeden sist  

B. jen.   

kontrol   kontrol probu seviyesiyle 

beslenenemesi

 

durumunda bu alarm meydana gelir. 

B. jen.   eki su seviyesinin, su seviye 

 su kontrol probu seviyesiyle 

belirlenen seviyenin  durumunda 

  ani 

isindeki 

 durumunda bu 

alarm meydana gelir. 

 

mik 

 

motorunu korur. Bu durumda ekranda bu alarm 

 

B. jen. mkn.) 

isindeki 

buhar 
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-Solid State Relay) 

olabilir. 

B. jen.  (anlg) r 

i

-Solid 

olabilir. 

B. jen.  

nin, 

 Pompada meydana 

labilir. 

B. jen.   i
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 ederek buhar 

o

alt  

  

bu alarm meydana gelir. 

 

 

3.2.2.  

 

: 

 

 

Buhar 

 3.20   P&ID  E-43  r. 

 

 
 

3.20. Buhar  
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 e 3.   

 

3.7.  
 

 : 10 barg 
Tam dolu su hacmi : ~100 lt 

 : 11.5 barg 
 : 19.14 barg 

 : 80 kg/m3 y
 

Kondens tahliye tipi :  
 :  

 : 355GH) 
 

 

Buha   1 

a   vana pozisyonu

 

 

P&ID  E-81  dir. 

 2 

 

numunenin  vana 

 

P&ID  E-41  

Kondenstop grubu  i

n 

isindeki 
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PN16   tiptir. P&ID 

 E-77  

(P&ID  E-76) 

 (P&ID  E-75, E-78, E-79) 

grup hali  

 

 

 P&ID kod 

 E-45  

  

i

N16 DN15 

 P&ID kod 

 E-42  

Yatay tip siklon sepa   

tip siklon sepa  AISI 304 kalite paslanmaz 

 Referans kazanda 

prototip 

(Buckingham-Pi) 
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3.21  de  P&ID kod 

 E-44  r. 

modelinin 

 

 

 
 

 3.21.   
 

 Sistemdeki paramet

nedenle parametre (n)  (n=4).  

 n adet 3.8  

 

3.8.  
 

    

   
 

    
 

; m, L ve 
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 Sistemdeki j indirgemesi, 

olarak 3  , 

Denklem 3.8  

 

                     (3.8) 

 

 

 

 ) treler 

belirlenir.  3 

 tekrarlay  

  parametre ( ) Denklem 3.9 aki 

boyutlar Denklem 3.10 ve 3.11  

 

             (3.9) 

                 (3.10) 

         (3.11) 

 

Denklem 3.11 ve   , 

uzunluk)  Denklem 3.12, 3.13 ve 3.14  le bulunur. 

 

Zaman 

 

            (3.12) 

 

 

 

 

 

                    (3.13) 
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Uzunluk 

 

            (3.14) 

 

 

 

Buradan  olan  3.10 a yerlerine 

, Denklem 3.15  

 

              (3.15) 

 

Referans  prototip daki buhar seperat

model 

3.9 a 

 

 

3.9. n ad  
 

Prototip 
kapasitesi 

:  25000 kg/h 

Prototip  :  50 adet 
Prototip 

 
: 

 
12/100  

Prototip  :  3000 kg/h 
Prototip  :  60 kg/h 
Prototip  : a 54 mm 
Prototip  : b 194 mm 
Prototip  :  0.010476  
Prototip  :  10 barg 
Model  :  10 barg 
Prototip  

 
:  5.64194 kg/m3 

Model 
 

:  5,64194 kg/m3 

Prototip 
 

:  25 m/s 

Model 
 

:  25 m/s 

kapasitesi  Model  
:  30 kg/h 
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kinematik  rototip 

 odel 

 

benzerlik  

 . Bu nedenle 

m    Denklem 

3.16 3.17   

 

            (3.16) 

          (3.17) 

 

Model  3.17 yeniden 

3.18 elde edilir. 

 

            (3.18) 

 

Model ve prototip lerdeki   . 

numune ve paralel olarak numunenin 

. e Denklem 3.18, 3.19 a 

 

 

            (3.19) 
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 (   prototip 

 (   3.20 elde edil

 

 

               (3.20) 

 

 

 

prototip  ve buhar dra  da model 

3.   model buhar sepa genel 

 

 

 
 

3.22. Model buhar sepera n   
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prototip  (s ) 

  (solda)   yan yana 

 3.23  

 

 
 

3.23. Prototip ve model  

 

3.24  

 

 
 

3.24.   



52

 
 

suyun 

 (Anonymous 7, 2017). 

verimi, , Denklem 3.21 

-

kuruluk derecesi hesaplanabilir (Penn Seperator Inc., Rev3/99).  

 

                                 (3.21)  

  

Burada;                            

x - ni, 

xg - ni ifade 

eder. 

 

Buhar 3.22  

  

ve ark., 2006). 

 

                                  (3.22)     

                                                                                                                                                     

Bu nedenle  buhar jen

buhar numunesi

urum  kurulu nin si 

gerekmektedir. 

 

3.2.3. -k kalorimetresi 

 

: Buh isinde yer alan sepa

gerekli b -  ait 

3.25   P&ID  E-61, 

 E-71  
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3.25. -   
 

belirlenebilir; 

  

  

 Sodyum izleyicili alev fotometrisi, 
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(Dorfman ve ark., 2006). 

(Bodhke ve ark., 2014). -  

3.10 a  

 

 3.10. Ay -   
 

 

-

gelen  

Buhar numunesi, 

 Numune, i

d   

i 3.26 a 

i

isindeki 

kuru 

isinde 

(Anonymous 3, 2017).  biriktirilen kondens 

  

Kalorimetre tipi : -  

 
: 10 barg 

 
 : 11.5 barg 

Hidrostatik te  : 19.14 barg 
 : 80 kg/m3 

 
 :  

Kondenser tipi :  

 
: P235GH) 

Kep malzemesi : 35GH) 



55

 
 

 
 

3.26.  
 

3   

 

 
 

3.27.  
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 Bu 

 

 

 

kadar  

o

 2012). Bu 

nedenle bu kural +5 o  Buhar numunesi son olarak 

 

-

 

x1) Denklem 3.23 ve 3.24 ile 

 

 

                    (3.23) 

      (3.24) 

 

  

Denklem 3   Denklem 3   

 ve 

3.25 ve 3  Denklem 3.26 ve 3.28 elde 

edilir. 3.28  

 

                                        (3.25) 

            (3.26)   

                                                                           (3.27) 
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=0                                                      (3.28) 

 

 
 

3.28.  
 

 Denklem 3.28 e uygulanarak Denklem 3.29 elde edilir ve 

prosesinin ize , 2014). 

   

   

   

    

 

              (3.29) 

 

 2) Denklem 3.30 ve 3.31

edilen Denklem 3.32  

      

                           (3.30)   

         (3.31)                                                 
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                              (3.32)

                                                                                                                                                    

Kalorimetreye giren buhar numunesinin kuruluk derecesi Denklem 3.33 e verilen 

fo  (Makhomo, 2015). 

            (3.33)

                                                      

-  (4-5-6) T-

3.29  da ve ve h- 3

da  

bir yoldur. Bu teknik, nem seviyesi %0.

 1995). 

 

 
  

3.29. rma- -  
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3.30. - h-s (Mollier)  
(https://www.engineeringtoolbox.com/mollier-diagram-water-d_308.html) 

 
-

 

Kal.    

 

 

  vana 

 P&ID  E-46  r. 

 

belirlenecek buhar numunesinin kalorimetreye 

63 
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kul P&ID  E-48  

 Solenoid vana pislik tutucusu 

vana 

solenoid  

  Y 

 

 P&ID kod numa  

E-4  

Emniyet ventili 

 P&ID kod 

 E-49  dur. 

  

 Bu hatta, 100 mm 

-

 

 P&ID 

 E-50  

ranmitteri 

4- -

 P&ID  E-

51  
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J tipi 

termokupldur. P&ID  E-52  

A.K.  i

kondens 

 141,3 mm x 6,55 mm EN10216 

 

 

 iriken 

kondens 

 (P&ID  E-54, E-55, E-56) 

cetveli sayesinde haznede biriken kondens 

kondens  

 Haznenin tamamen 

 P&ID 

 E-53  r. 
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 A

hazne, indeki su zerreciklerinden 

nozuluna sahiptir. 219.1 mm x 8.8 

mm EN10216 P235GH-TC2 

 ise 

8  

A.K. kondenseri  esti 

dir. 

 , PN40 

   (P&ID kod 

 E-58), -  

 (P&ID  E-57) ve 

numune tahliyesi   

 (P&ID  E-59),   

mevcuttur. 3 

 

 

  

-

 

vana  

isin  

 P&ID  E-60  r. 

 

-16 barg 
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 P&ID kod 

 E-62  dir. 

 

-

ve 0-

tranmitteri bulun

 P&ID  E-63  r. 

 

 P&ID kod 

 E-64  r. 

  

 

malzemeden imal  

  dizayn 

 P&ID  E-65  dir. 

 

-16 barg 

 P&ID kod 

 E-67  dir. 
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-

ve 0-

 P&ID  E-68  dir. 

 

 

bu 

 on 

 P&ID  E-66  r. 

K.K.    

219,1 mm x 8,8 mm EN10216 P235GH-TC2 kalite 

 

K.K. kondenseri  

erdir. 

P&ID  E-69), 

- P&ID kod 

 E-72) 

(P&ID  E-73),   mevcuttur. 3 yollu 

k i
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 P&ID  E-70  

dir.  

 

 

Hassas kantar 

aletidir. 0-

hassasiyeti miligram (.000)  mertebesindedir. P&ID 

 E-74  r.  

 

3.2.3.1. Minumum kuruluk derecesi 

 

Minumum kuruluk derecesi (x2,min

oC 

 (+5o

2

2  x2,min 

, bir dey alorimetresinin tam 

 

x2,min  de hesaplan arak 

x2 - x2,min  

bulunan minumum kuruluk derecesi; Denklem 3.34, 3.35, 3.36 ve 3.37 

edilen Denklem 3.38  4, 2017). 

 

          (3.34) 

      (3.35) 

           (3.36) 

           (3.37) 

               (3.38) 
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3.2.4.  

 
: 

 

 

  

3.31  P&ID  E-34  r. 

 

 
 

3.31.   
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  3.11   

 

 3.11.  
 

 : 30 kg/h 
 : 10 barg 

Tam dolu su hacmi : ~100 lt 
 : 11.5 barg 

 : 19.14 barg 
 : 2 barg 
 : 150 oC 

Maksimum izin verilen i  : 200 oC 
 : 80 kg/m3 

 
Kondens tahliye tipi : Manuel  

 : 1.5 kWe  380 V  50 Hz 
 :  

 

  

 

PN16 

glob  

P&ID  E-29  dur. 

 

0-

 P&ID kod 

 E-31  dir. 

 

-

-

 P&ID  E-30  dur. 
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P&ID kod  E-33  t r. 

  

kulla  

 P&ID kod 

 E-32  dir. 

 

0-

 P&ID kod 

 E-36  r. 

 

-

-

 P&ID kod numaras  E-37  dir. 

 

P&ID  E-35  dir. 

  

 P&ID kod 

 E-38  dir. 
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Emniyet ventili 

v  P&ID kod 

 E-40  d r. 

  

 vana pozisyonu 

 PN16 

 

P&ID  E-39  dur. 

  ve 

i  60.3 

mm x 3.9 mm EN10216 P235GH-TC2 

 

 

3.32  

 

 
 

3.32.   
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I   Buhar  istenen  

-

 50 Hz  

 

  re baz 

 ait  

3.12  

 

 3.12.   
 

 : 30 kg/h 
imaks) : 2 barg 

doy) : 133.7 oC 
(T maks) : 200 oC 

) : 2865.31 kJ/kg 
g) : 2724.57 kJ/kg 

 

   denklemi 

  

buhar) ifade etmektedir. 

denklemi Denklem 3.39 a . 

 

                     (3.39) 

 

 3. ki  , 

Denklem 3.39 a veril m 3.40 a

elde edilir.  

 

           (3.40)

     

 T  Kanunu 

uygulanarak, Denklem 3.41 erek Denklem 3.42 elde edilir. 

Denklem 3.41  
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(3.41)

=0    (3.42) 

 

 . 

   

   

 dilebilir.  

    

 

3.42 ye uygulanarak Denklem 3.43 elde edilir. 

 

            (3.43) 

 

, Denklem 3.43 te yerlerine konularak sonunda Denklem 3.44 teki sonuca 

 

 

       (3.44) 

                                                            

 

Denklem 3.44 1.17 isindeki buhara 

  

vb.  

 

bulunan n  in 

 

  i, Denklem 3.45 ile bulunur. 

 

          (3.45) 
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  3.13 , 

3.33  de ve gene 3.34 e   

 

 3.13.    
 

.  (3. .55) 
(Anonymous 2, 2016) 

: 2.25 W/cm2 

 : 8.5 mm 
+3 cm  : 43 cm 
 : 3 adet 

 : 41 mm 
 : 123 mm 

 : 252.3 cm 
 : 673.71 cm2 

 : 1515.825 W 
 

 
 

3.33. Buhar    
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3.34.  
 

3.3.  

 

 2014/68 EU (The Pressure 

Equipment Directive) direktifinde yer alan harmonize standartlardan 

EN12952 (su borulu kazanlar) ve EN12953 (silindirik 

3.14 e  

 

 

 



74

 
 

 3.14.  
 

maruz  
Min. ve hidrostatik 

belirlemede 
 

 EN12953 

eleri EN12953 

 EN12952 

 EN12953 

 EN12953 

 EN12952 

 EN12953 

desi EN12952 

 EN12953 

 EN12952 

 EN12953 
 

3.3.1.  

 

Mukavemet ve gerekli min.   hem 

 a.k.   

, 

  

  

EN12952 : 

nmesinde Denklem 3.46 ve 3.47 eki denklemler 

 (Anonim 5, 2007). 

 

           (3.46) 

           (3.47) 

 

Burada; 

  , 

  

, 

  S  

  M , 

  , 
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  T silind  

   

   

 

S   

 

3.48 ve 3.49 

 

 

            (3.48) 

            (3.49) 

 

Burada; 

  , 

 O  

3.50 ve 3.51

 (Anonim 5, 2007)

 

 

           (3.50) 

          (3.51) 

 

Burada; 

  

 

: 20 o  

K: tc 

   

 

-

 ve  rleri bu standartta 
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( )

4 3.35 e 5 3.36 a        

      

 
 

3.35. EN10216-2  ve   
(Anonim 3, 2013 ) 

 

 
 

3.36. EN10216-2  5 
(Anonim 4, 2013 ) 
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 -2: Y Mamuller - 

B  ve  

 

 0,2 

3.37

3.38  

 

 
 

3.37. EN10028- ve   
(Anonim 1, 2005) 
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3.38. EN10028-  
(Anonim 2, 2005) 

 
EN12953 : 

minumum et nmesinde Denklem 3.52 ve 3.53 eki 

 (Anonymous 8, 2016). 
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isinde ortak olarak bulunan parametrelerin 

 

 

           (3.52) 

                      (3.53) 

 

Burada; 

  

  

3.54 ve 3.55

 

 

           (3.54) 

          (3.55) 

 

Burada; 

  

 Ana g  

 Sabit  EN12953-  

b: EN12953-  

y: Sabit  EN12953-  

 

3.56 ve 3.57 

  

 

           (3.56) 

           (3.57) 

 

Burada; 
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EN12953-  

diyagram, ekil 3.39 a  

 

 
 

3.39. EN12953-  
(Anonymous 1, 2016) 

 
EN12953 3.58 ve 3.59 an 

 (Anonymous 8, 2016).  
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           (3.58) 

          (3.59) 

Burada; 

  

 

3.15. (a) ve 

 

 

 3.15. (a) & (b)  
 

      (a) 
 

maruz  
    b   C 

MPa MPa MPa - MPa mm mm mm - 

g  
270 510 180 0.85 1.15  - 400 - 

bombeleri 
270 510 180 0.85 1.15  420 - 1.6 

 252 510 168 0.84 1.15  - 600 - 

kapak 
247 510 164 - 1.15 600 - - - 

 
247 510 164 - 1.15 600 - - - 

 
150 360 100 0.85 1.15  - 201.

5 
- 

 
150 360 100 0.85 1.15  219,

1 
- 1.6 

 
150 360 100 0.85 1.15  - 201.

5 
- 

lma kalorimetresi 
 

150 360 100 0.85 1.15  219.
1 

- 1.6 

 
150 360 100 0.85 1.15  - 52.5 - 

 
150 360 100 0.85 1.15  60.3 - 1.6 
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(b) 
 

a maruz  
     Malzeme  

oC mm mm mm mm  bar 

 
190 8 - - - P355GH 19.15 

bombeleri 
190 8 - - - P355GH 19.15 

 250 - - 4.31 - P355GH 22.52 

kapak 
265 - - - 22 P355GH 19.15 

 
265 - - - 22 P355GH 19.15 

 
250 - - 3.22 - P235GH 22.52 

 
250 - 3.87 - - P235GH 22.52 

 
250 - - 3.22 - P235GH 22.52 

 
250 - 3.87 - - P235GH 22.52 

 
250 - - 2.21 - P235GH 22.52 

 kepi 
250 - 2.41 - - P235GH 22.52 

 

EN12952-3' deki es'-c1-

c2 z, es' min. 8 mm ol

3.16 a Buhar 

il 3  

 

 
 

3.40.  
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 3.16.  
 

maruz  
Et 

  
Malzeme 

mm   

desi 
10 EN10028-2 P355GH 

bombeleri 
10 EN10028-2 P355GH 

 25 EN10028-2 P355GH 

kapak 
25 EN10028-2 P355GH 

 
25 EN10028-2 P355GH 

 haznesi 
8.8 EN10216-2 P235GH 

 
8.8 EN10216-2 P235GH 

 
8.8 EN10216-2 P235GH 

 
8.8 EN10216-2 P235GH 

rezi  
3.9 EN10216-2 P235GH 

 
3.9 EN10216-2 P235GH 

 

3  

 

 
 

3.41.  
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3.4.  

 

 

 

 

3.4.1.  

 

Kalorimetre   

 3.42 de 

 

 

 
      

3.42.    
 

3.4.2.  

 

ayarlanm
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Platformda zem

platformuna ait 3.43 t  

 

 
      

3.43.   
 

3.4.3.  

 

sacdan  ekipmanlara Daha sonra; 0,7 mm 

 

 3.44 eki gibidir. 

3.45 te 

 

 



86

 
 

 
 

3.44.   
 

 
 

3.45.  
(http://www.izocam.com.tr/f63-camyunu-prefabrik-boru.html) 

 

 uygulanan  

 3.17 e   

 halidir. Hammaddesinin esasini silis kumu olusturmaktadir. 
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t r.

 : +230 o  

 : 50 o .  

, 

dolomit gibi gibi minerallerden elde edilen lifli s  yalitim malzemeleridir. 

  

 r. 

 : +800 oC   

 : 50 oC ortalama s cakl . dir 

(http://www.izocam.com.tr/isi-yalitim-malzemeleri/). 

 

 3.17.   
 

 

3.4.4. Tesisat  

 

 EN10216-2 P235GH 

 lerdedir. 

EN12953-

3.60  

 

            (3.60) 

 
   

 : 80 kg/m3 
 

 : 80 kg/m3 
 

 : 80 kg/m3 
 

 
: 80 kg/m3 u, 100 mm 

 
 : 80 kg/m3 

 
 : 80 kg/m3 

 
 : 80 kg/m3 aki  

boru izolasyonu 
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Burada; 

   

 

3.18 -

 

 

 

 3.18.  
 

maruz 
 

      
 

Et 
 

MPa MPa MPa oC MPa mm mm mm  

 168 360 112 190 1.15 21.3 1.06 1.9 2.9 

 168 360 112 190 1.15 26.9 1.09 1.9 2.9 

 168 360 112 190 1.15 33.7 1.12 2.2 3.6 

 168 360 112 190 1.15 42.4 1.17 2.2 3.6 

 168 360 112 190 1.15 48.3 1.2 2.2 3.6 

 168 360 112 190 1.15 60.3 1.26 2.5 3.9 
 

-1: 

; 5A ve 

n 

3.4  
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(a) 

 
(b) 

 
3.46. (a) EN1092- -Tablo 5a (Anonymous 5, 2001) (b) EN1092-1 

-Tablo 15 (Anonymous 6, 2001)
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3.5.  

 

Seperat  

  testleri  

3.19  

 

3.19.  
 

Test Kodu 
(bara) 

Yerel Atmosferik 
 (barg) 

Test 1 : 4,9040 0,904 4 
Test 2 : 5,9040 0,904 5 
Test 3 : 6,9040 0,904 6 
Test 4 : 7,4040 0,904 6,5 
Test 5 : 7,9040 0,904 7 
Test 6 : 8,9040 0,904 8 
Test 7 : 9,4040 0,904 8,5 
Test 8 : 9,9040 0,904 9 
Test 9 : 10,4040 0,904 9,5 
Test 10 : 10,9040 0,904 10 

 

3  

adet test   30 adet test . Testlerin 

3.47 de   

 

 
 

3.47.  
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nda test 

 

b 3.20

 

 

3.20. 
 

 

P&ID 
Kodu 

Vana 
Pozisyonu 

P&ID 
Kodu 

Vana 
Pozisyonu 

P&ID 
Kodu 

Vana 
Pozisyonu 

P&ID 
Kodu 

Vana 
Pozisyonu 

E-1  E-20  E-56  E-59  
E-2  E-19  E-58  E-65  
E-3  E-16  E-32  E-69  
E-4  E-24  E-38  E-72  
E-5  E-29  E-39  E-73  
E-8  E-41  E-46  E-75  
E-10  E-42  E-48  E-78  
E-13  E-45  E-54 k E-79  
E-21  E-55  E-57  E-81  

 

3.5.1.  

 

 

 

 derecesini 

kuruluk derecesi ma

-C-D-H 
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  kondens, kalorimet  seviye 

nin (E-53)  (E-56) 

su seviyesinin   tahliye edilir. 

 i

kondens, 

- -

 

 i kondens

ka -69) ve 

-

edilir. 

 

 

  

  

 

girilir. 

 Kont

  

 o  

 - r. 

 - . 

  direnaj -32 . 1-2 dakika 

 

 - -2 dakika 

 

 -  

 -  
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-46) yav

 

-   ,  

 lerini  mak ve numunenin temas ett

 

 -60) 

-58) rak, numunenin 

-

 

 2 

kondenserinin (E-  -

 

 -  

  (E-70 -69) 

-

73  

 -65), vana 

 

 - -58) 

 

 - -57) 

 

 

-  

 Ayr -
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- -

 

 

  

 

 

 -

sinden not edilir. 

 

 

 

 

 Testl

 0 kg olarak girilmektedir. Bunun iki nedeni 

 

hacmin ihmal edilebilir mikta

  testlerin meydana gelmemekte ve kondens 

 

 isindeki numune mik  

 

ilir. 

 

kuruluk derecesi ndaki 

 kaydedilir. 
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3.5.2.  

 

bilinmesi gerekmektedir. B  , 

 

-B-F-G-

 

 

 

  kontrol 

edilir ve gerek  

 kondens

- -

 

 K i kondens

-69) ve 

-

edilir. 

 Kontrol panosu 

  

 

  

  

 

girilir. 

 

r.  

 -  

 -  
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Buhar -

 -  

 

-

 

 -60) 

-

-

 

 

kondenserinin (E- -58

 

 -  

 - -69) 

-

 

 -65), vana 

 

 - -58) 

 

 -60) -57) 

 

 

-  

 -

 

edilmelidir. 
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- -

 

 Kontrol p

 

 

 

 -

 

 en 

 

 

 

 

kondens 

nitesinde 

 

 i  
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3.5.3. Sepe  

 

i

nispeten daha kuru olan numune, 

  

-B-E-G-  

 

 

 

 

 

 i kondens, kondenstop grubundaki 

-  

 kondens seviye 

- -

 

 i kondens

kalorimetresi al -69) ve 

-

edilir. 

 

 

 

  

  

  

girilir. 

 

 

 -  

  1 (E-  
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Buhar (E-

 -  

 -  

 Kon

-

 

 -60) 

-58) yava

-

 

 

kondenserinin (E- -   

 

 -  

 - -69) 

-

 

 -65), vana 

 

 - -58) 

 

 Ayr - -57) 

 

 

-  

 -

 

 i kondens, kondenstop grubundaki 

-  
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edilmelidir. 

 - -

 

 

 

 

 

 -

 

 

 

 

 

 

cek 

kondens 

 

 Tar i  

 

 

 Kontrol p unda numunenin 
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4.1.  

 

b
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4.1.1. Test 1 s  

 

Test 1, 4.9040 bara test bas

i sonu  e    

 

4.1.  
 

904 bar 
 Test 1          

 Ptest (bara) 2.9040 
 T  (oC) 150.00 

 ttest (dk) 15.000 
 P1 (bara) 2.8930 

 
P2 (bara) 2.8920 
T2 (oC) 132.422 

 
P3 (bara) 2.8940 
T3 (oC) 150.111 

 
P4 (bara) 2.8440 
T4 (oC) 150.091 

 

P5 (bara) 2.7840 
T5 (oC) 147.881 
hf5 (kj/kg) 550.108 
hfg5 (kj/kg) 2170.820 
hg5 (kj/kg) 2720.930 

 

P6 (bara) 1.0040 
Tdoy,6 (oC) 99.7176 
T  (oC) 152.1 
hg6 (kj/kg) 2674.61 
C (kj/kgK) 1.98365 
h (kj/kg) 2778.570 

 
m (kg) 0.0114 
mkondenser,A.K. (kg) 0.0000 

 mkondenser,K.K. (kg) 7.5749 
 mbn (kg) 7.5863 

Buhar Numunesi Debisi bn (kg/h) 30.3452 
A.K. Kuruluk Derecesi x1 0.9985 
K.K. Kuruluk Derecesi x2 1.0266 
Num. Kuruluk Derecesi  xn 1.0250 

 - doy,6 (oC)  52.4 
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o minumum 

 

 

4.2.  
 

.904 bar 
   

 Ptest (bara) 4.9040 4.9040 
  - A 

 ttest (dk) 15.000 15.000 
 P1 (bara) 4.8930 4.8930 

 
P4 (bara) 4.4330 4.1930 
T4 (oC) 148.872 146.836 

 

P5 (bara) 4.3630 4.1230 
T5 (oC) 148.327 146.264 
hf5 (kJ/kg) 617.729 608.851 
hfg5 (kJ/kg) 2123.750 2130.070 
hg5 (kJ/kg) 2741.749 2738.920 

 

P6 (bara) 1.0040 1.0040 
Tdoy,6 (oC) 99.7176 99.7176 
T ,6 (oC) 104.8 105.7 
hg6 (kJ/kg) 2674.61 2674.61 
C ,6 (kJ/kgK) 2.05826 2.05518 
h ,6 (kJ/kg) 2685.071 2686.905 

 
m (kg) 0.5330 0.3510 
mkondenser,A.K. (kg) 0.0000 0,0000 

 mkondenser,K.K. (kg) 7.1020 5,4420 
 mbn (kg) 7.6350 5.7930 

Buhar Numunesi Debisi bn (kg/h) 30.5400 23.1720 
A.K. Kuruluk Derecesi x1 0.9302 0.9394 
K.K. Kuruluk Derecesi x2 0.9734 0.9756 
Num. Kuruluk Derecesi  xn 0.9055 0.9165 

 sep (%) 11.62 
 

4.3. Test 1 / Hesaplanan minumum kuruluk derecesi 
 

    

Test 1 / Minimum Kuruluk 
Derecesi 

Min. T ,6 104.7176 104.7176 
Min. h ,6 2684.9013 2684.8859 
x2,min 0.9734 0.9746 

x2 - x2,min   x2 - x2,min  0.0001 0.0009 
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4.1.2. Test 2 s  

 

Test 2, 5.

 

 

4.4.  
 

904 bar 
 Test 2                     

 Ptest (bara) 2.9040 
 T ,set (oC) 150.00 

 ttest (dk) 15.000 
 P1 (bara) 2.8940 

 
P2 (bara) 2.8930 
T2 (oC) 132.432 

 
P3 (bara) 2.8950 
T3 (oC) 150.031 

 
P4 (bara) 2.8450 
T4 (oC) 150.011 

 

P5 (bara) 2.7850 
T5 (oC) 147.781 
hf5 (kj/kg) 550.159 
hfg5 (kj/kg) 2170.790 
hg5 (kj/kg) 2720.950 

 

P6 (bara) 1.0040 
Tdoy,6 (oC) 99.7176 
T ,6 (oC) 152.0 
hg6 (kj/kg) 2674.61 
C ,6 (kj/kgK) 1.98372 
h 6 (kj/kg) 2778.385 

 
m (kg) 0.0091 
mkondenser,A.K. (kg) 0.0000 

 mkondenser,K.K. (kg) 7.4140 
 mbn (kg) 7.4231 

Buhar Numunesi Debisi bn (kg/h) 29.6925 
A.K. Kuruluk Derecesi x1 0.9988 
K.K. Kuruluk Derecesi x2 1.0265 
Num. Kuruluk Derecesi  xn 1.0252 

 - doy,6 (oC)  52.3 
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in, +5 o

 

 

4.5.  
 

Test 2 0.904 bar 
   

 Ptest (bara) 5.9040 5.9040 
  - A 

 ttest (dk) 15.000 15.000 
 P1 (bara) 5.8930 5.8930 

 
P4 (bara) 5.4330 5.1930 
T4 (oC) 156.507 154.784 

 

P5 (bara) 5.3630 5.1230 
T5 (oC) 156.051 154.310 
hf5 (kJ/kg) 651.069 643.539 
hfg5 (kJ/kg) 2099.640 2105.140 
hg5 (kJ/kg) 2750.710 2748.680 

 

P6 (bara) 1.0040 1.0040 
Tdoy,6 (oC) 99.7176 99.7176 
T ,6 (oC) 106.1 107.2 
hg6 (kJ/kg) 2674.61 2674.61 
C ,6 (kJ/kgK) 2.05385 2.05033 
h ,6 (kJ/kg) 2687.718 2689.951 

 
m (kg) 0.4980 0.3190 
mkondenser,A.K. (kg) 0.0000 0.0000 

 mkondenser,K.K. (kg) 7.1390 5.4650 
 mbn (kg) 7.6370 5.7840 

Buhar Numunesi Debisi bn (kg/h) 30.5480 23.1360 
A.K. Kuruluk Derecesi x1 0.9348 0.9448 
K.K. Kuruluk Derecesi x2 0.9700 0.9721 
Num. Kuruluk Derecesi  xn 0.9067 0.9185 

 sep (%) 12.59 
 

4.6. Test 2 / Hesaplanan minumum kuruluk derecesi 
 

    

Test 2 / Minimum Kuruluk 
Derecesi 

Min. T ,6 104.7176 104.7176 
Min. h ,6 2684.87925 2684.86165 
x2,min 0.9686 0.9697 

x2 - x2,min   x2 - x2,min  0.0014 0.0024 
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4.1.3. Test 3 s  

 

Test 3, 6.

 

 

4.7.  
 

904 bar 
 Test 3                     

 Ptest (bara) 2.9040 
 T ,set (oC) 150.00 

 ttest (dk) 15.000 
 P1 (bara) 2.8930 

 
P2 (bara) 2.8920 
T2 (oC) 132.422 

 
P3 (bara) 2.8940 
T3 (oC) 150.141 

 
P4 (bara) 2.8440 
T4 (oC) 150.121 

 

P5 (bara) 2.7840 
T5 (oC) 147.921 
hf5 (kj/kg) 550.108 
hfg5 (kj/kg) 2170.820 
hg5 (kj/kg) 2720.930 

 

P6 (bara) 1.0040 
Tdoy,6 (oC) 99.7176 
T ,6 (oC) 152.0 
hg6 (kj/kg) 2674.61 
C ,6 (kj/kgK) 1.98372 
h ,6 (kj/kg) 2778.365 

 
m (kg) 0.0095 
mkondenser,A.K. (kg) 0.0000 

K.K. K  mkondenser,K.K. (kg) 7.6800 
 mbn (kg) 7.6895 

Buhar Numunesi Debisi bn (kg/h) 30.7578 
A.K. Kuruluk Derecesi x1 0.9988 
K.K. Kuruluk Derecesi x2 1.0265 
Num. Kuruluk Derecesi  xn 1.0252 

 - doy,6 (oC)  52.3 
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 o

 

 

4.8.  
 

Tes 904 bar 
   

 Ptest (bara) 6.9040 6.9040 
  - A 

 ttest (dk) 15.000 15.000 
 P1 (bara) 6.8930 6.8930 

 
P4 (bara) 6.4330 6.1930 
T4 (oC) 163.090 161.589 

 

P5 (bara) 6.3650 6.1250 
T5 (oC) 162.721 161.207 
hf5 (kJ/kg) 679.952 673.372 
hfg5 (kJ/kg) 2078.230 2083.150 
hg5 (kJ/kg) 2758.190 2756.530 

 

P6 (bara) 1.0040 1.0040 
Tdoy,6 (oC) 99.7176 99.7176 
T ,6 (oC) 106.9 108.2 
hg6 (kJ/kg) 2674.61 2674.61 
C ,6 (kJ/kgK) 2.05127 2.04729 
h ,6 (kJ/kg) 2689.343 2691.976 

 
m (kg) 0.4410 0.2710 
mkondenser,A.K. (kg) 0.0000 0.0000 

K.K.  mkondenser,K.K. (kg) 7.2270 5.5440 
 mbn (kg) 7.6680 5.8150 

Buhar Numunesi Debisi bn (kg/h) 30.6720 23.2600 
A.K. Kuruluk Derecesi x1 0.9425 0.9534 
K.K. Kuruluk Derecesi x2 0.9669 0.9690 
Num. Kuruluk Derecesi  xn 0.9113 0.9239 

 sep (%) 14.18 
 

4.9. Test 3 / Hesaplanan minumum kuruluk derecesi 
 

    

Test 3 / Minimum Kuruluk 
Derecesi 

Min. T ,6 104.7176 104.7176 
Min. h ,6 2684.86635 2684.84645 
x2,min 0.9647 0.9656 

x2 - x2,min   x2 - x2,min  0.0022 0.0034 
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4.1.4. Test 4 s  

 

Test 4, 7.

10 a  

 

lge 4.10.  
 

904 bar 
 Test 4                     

 Ptest (bara) 2.9040 
 T ,set (oC) 150.00 

 ttest (dk) 15.000 
 P1 (bara) 2.8920 

 
P2 (bara) 2.8910 
T2 (oC) 132.421 

 
P3 (bara) 2.8930 
T3 (oC) 150.021 

 
P4 (bara) 2.8430 
T4 (oC) 150.001 

 

P5 (bara) 2.7810 
T5 (oC) 147.901 
hf5 (kj/kg) 549.953 
hfg5 (kj/kg) 2170.930 
hg5 (kj/kg) 2720.880 

 

P6 (bara) 1.0040 
Tdoy,6 (oC) 99.7176 
T ,6 (oC) 152.1 
hg6 (kj/kg) 2674.61 
C ,6 (kj/kgK) 1.98366 
h ,6 (kj/kg) 2778.610 

 
m (kg) 0.0000 
mkondenser,A.K. (kg) 0.0000 

 mkondenser,K.K. (kg) 7.6110 
 mbn (kg) 7.6110 

Buhar Numunesi Debisi bn (kg/h) 30.4440 
A.K. Kuruluk Derecesi x1 1.0000 
K.K. Kuruluk Derecesi x2 1.0266 
Num. Kuruluk Derecesi  xn 1.0266 

 - doy,6 (oC)  52.4 
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 o

 

 

4.11.  
 

Test 4 / Yerel atmo 904 bar 
   

 Ptest (bara) 7.4040 7.4040 
  - A 

 ttest (dk) 15.000 15.000 
 P1 (bara) 7.3930 7.3930 

 
P4 (bara) 6.9480 6.7080 
T4 (oC) 166.167 164.756 

 

P5 (bara) 6.8800 6.6400 
T5 (oC) 165.821 164.399 
hf5 (kJ/kg) 693.455 687.262 
hfg5 (kJ/kg) 2068.050 2072.740 
hg5 (kJ/kg) 2761.510 2760.000 

 

P6 (bara) 1.0040 1.0040 
Tdoy,6 (oC) 99.7176 99.7176 
T ,6 (oC) 107.2 108.7 
hg6 (kJ/kg) 2674.61 2674.61 
C ,6 (kJ/kgK) 2.05033 2.04583 
h ,6 (kJ/kg) 2689.951 2692.986 

 
m (kg) 0.4150 0.2530 
mkondenser,A.K. (kg) 0.0000 0.0000 

 mkondenser,K.K. (kg) 7.2140 5.6610 
 mbn (kg) 7.6290 5.9140 

Buhar Numunesi Debisi bn (kg/h) 30.5160 23.6560 
A.K. Kuruluk Derecesi x1 0.9456 0.9572 
K.K. Kuruluk Derecesi x2 0.9654 0.9677 
Num. Kuruluk Derecesi  xn 0.9129 0.9263 

 sep (%) 15.37 
 

4.12. Test 4 / Hesaplanan minumum kuruluk derecesi 
 

    

Test 4 / Minimum Kuruluk 
Derecesi 

Min. T ,6 104.7176 104.7176 
Min. hk ,6 2684.86165 2684.83915 
x2,min 0.9629 0.9637 

x2 - x2,min   x2 - x2,min  0.0025 0.0039 
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4.1.5. Test 5 s  

 

Test 5, 7.

 

 

4.13.  
 

.904 bar 
 Test 5                     

 Ptest (bara) 2.9040 
 T z,set (oC) 150.00 

 ttest (dk) 15.000 
 P1 (bara) 2.8940 

 
P2 (bara) 2.8930 
T2 (oC) 132.442 

 
P3 (bara) 2.8950 
T3 (oC) 150.010 

 
P4 (bara) 2.8450 
T4 (oC) 149.99 

 

P5 (bara) 2.7860 
T5 (oC) 147.770 
hf5 (kj/kg) 550.211 
hfg5 (kj/kg) 2170.750 
hg5 (kj/kg) 2720.970 

 

P6 (bara) 1.0040 
Tdoy,6 (oC) 99.7176 
T ,6 (oC) 151.9 
hg6 (kj/kg) 2674.61 
C ,6 (kj/kgK) 1.98378 
h ,6 (kj/kg) 2778.168 

 
m (kg) 0.0114 
mkondenser,A.K. (kg) 0.0000 

 mkondenser,K.K. (kg) 7.4800 
 mbn (kg) 7.4914 

Buhar Numunesi Debisi bn (kg/h) 29.9656 
A.K. Kuruluk Derecesi x1 0.9985 
K.K. Kuruluk Derecesi x2 1.0264 
Num. Kuruluk Derecesi  xn 1.0248 

 - doy,6 (oC)  52.2 
 

 

 

 

 



111

 
 

 

 o

 

 

4.14.  
 

Tes 904 bar 
   

 Ptest (bara) 7.9040 7.9040 
  - A 

T  ttest (dk) 15.000 15.000 
 P1 (bara) 7.8930 7.8930 

 
P4 (bara) 7.4430 7.2030 
T4 (oC) 168.958 167.624 

 

P5 (bara) 7.3750 7.1350 
T5 (oC) 168.633 167.289 
hf5 (kJ/kg) 705.725 699.857 
hfg5 (kJ/kg) 2058.710 2063.190 
hg5 (kJ/kg) 2764.430 2763.050 

 

P6 (bara) 1.0040 1.0040 
Tdoy,6 (oC) 99.7176 99.7176 
T ,6 (oC) 107.6 109.4 
hg6 (kJ/kg) 2674.61 2674.61 
C ,6 (kJ/kgK) 2.0491 2.04382 
h ,6 (kJ/kg) 2690.762 2694.399 

A.K.  
m (kg) 0.3550 0.2180 
mkondenser,A.K. (kg) 0.0000 0.0000 

 mkondenser,K.K. (kg) 7.2930 5.9410 
 mbn (kg) 7.6480 6.1590 

Buhar Numunesi Debisi bn (kg/h) 30.5920 24.6360 
A.K. Kuruluk Derecesi x1 0.9536 0.9646 
K.K. Kuruluk Derecesi x2 0.9642 0.9667 
Num. Kuruluk Derecesi  xn 0.9195 0.9325 

 sep (%) 16.21 
 

4.15. Test 5 / Hesaplanan minumum kuruluk derecesi 
 

    

Test 5 / Minimum Kuruluk 
Derecesi 

Min. T ,6 104.7176 104.7176 
Min. h ,6 2684.8555 2684.8291 
x2,min 0.9613 0.9621 

x2 - x2,min   x2 - x2,min  0.0029 0.0046 
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4.1.6. Test 6 s  

 

Test 6, 8.

 

 

4.16.  
 

904 bar 
 Test 6                     

 Ptest (bara) 2.9040 
 T ,set (oC) 150.00 

 ttest (dk) 15.000 
 P1 (bara) 2.8930 

 
P2 (bara) 2.8920 
T2 (oC) 132.417 

 
P3 (bara) 2.8940 
T3 (oC) 150.354 

 
P4 (bara) 2.8440 
T4 (oC) 150.334 

 

P5 (bara) 2.7850 
T5 (oC) 148.124 
hf5 (kj/kg) 550.159 
hfg5 (kj/kg) 2170.790 
hg5 (kj/kg) 2720.950 

 

P6 (bara) 1.0040 
Tdoy,6 (oC) 99.7176 
T ,6 (oC) 152.3 
hg6 (kj/kg) 2674.61 
C ,6 (kj/kgK) 1.98355 
h ,6 (kj/kg) 2778.957 

 
m (kg) 0.0000 
mkondenser,A.K. (kg) 0.0000 

 mkondenser,K.K. (kg) 7.5940 
 mbn (kg) 7.5940 

Buhar Numunesi Debisi bn (kg/h) 30.3760 
A.K. Kuruluk Derecesi x1 1.0000 
K.K. Kuruluk Derecesi x2 1.0267 
Num. Kuruluk Derecesi  xn 1.0267 

 - doy,6 (oC)  52.6 
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 o

min  

 

4.17.  
 

Tes 904 bar 
   

 Ptest (bara) 8.9040 8.9040 
  - A 

 ttest (dk) 15.000 15.000 
 P1 (bara) 8.8930 8.8930 

 
P4 (bara) 8.4330 8.1930 
T4 (oC) 174.125 172.918 

 

P5 (bara) 8.3648 8.1248 
T5 (oC) 173.835 172.621 
hf5 (kJ/kg) 728.493 723.173 
hfg5 (kJ/kg) 2041.110 2045.250 
hg5 (kJ/kg) 2769.600 2768.420 

 

P6 (bara) 1.0040 1.0040 
Tdoy,6 (oC) 99.7176 99.7176 
T ,6 (oC) 108.8 110.1 
hg6 (kJ/kg) 2674.61 2674.61 
C ,6 (kJ/kgK) 2.04554 2.04188 
h ,6 (kJ/kg) 2693.188 2695.810 

 
m (kg) 0.3320 0.2090 
mkondenser,A.K. (kg) 0.0000 0.0000 

 mkondenser,K.K. (kg) 7.3310 6.4680 
 mbn (kg) 7.6630 6.6770 

Buhar Numunesi Debisi bn (kg/h) 30.6520 26.7080 
A.K. Kuruluk Derecesi x1 0.9567 0.9687 
K.K. Kuruluk Derecesi x2 0.9626 0.9645 
Num. Kuruluk Derecesi  xn 0.9209 0.9343 

 sep (%) 16.99 
 

4.18. Test 6 / Hesaplanan minumum kuruluk derecesi 
 

    

Test 6 / Minimum Kuruluk 
Derecesi 

Min. T ,6 104.7176 104,7176 
Min. h ,6 2684.8377 2684,8194 
x2,min 0.9585 0.9591 

x2 - x2,min   x2 - x2,min  0.0041 0.0054 
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4.1.7. Test 7 s  

 

Test 7, 9.4040 ba

 

 

4.19.  
 

904 bar 
 Test 7                     

 Ptest (bara) 2.9040 
 T ,set (oC) 150.00 

 ttest (dk) 15.000 
 P1 (bara) 2.8930 

 
P2 (bara) 2.8920 
T2 (oC) 132.422 

 
P3 (bara) 2.8940 
T3 (oC) 150.53 

 
P4 (bara) 2.8440 
T4 (oC) 150.51 

 

P5 (bara) 2.7840 
T5 (oC) 148.310 
hf5 (kj/kg) 550.108 
hfg5 (kj/kg) 2170.820 
hg5 (kj/kg) 2720.930 

 

P6 (bara) 1.0040 
Tdoy,6 (oC) 99.7176 
T ,6 (oC) 152.1 
hg6 (kj/kg) 2674.61 
C ,6 (kj/kgK) 1.98366 
h ,6 (kj/kg) 2778.539 

 
m (kg) 0.0000 
mkondenser,A.K. (kg) 0.0000 

 mkondenser,K.K. (kg) 7.5030 
 mbn (kg) 7.5030 

Buhar Numunesi Debisi bn (kg/h) 30.120 
A.K. Kuruluk Derecesi x1 1.0000 
K.K. Kuruluk Derecesi x2 1.0265 
Num. Kuruluk Derecesi  xn 1.0265 

 - doy,6 (oC)  52.4 
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4.20.  
 

Test 7 904 bar 
 Sep.'   

 Ptest (bara) 9.4040 9.4040 
  - A 

 ttest (dk) 15.000 15.000 
 P1 (bara) 9.3930 9.3930 

 
P4 (bara) 8.9430 8.7030 
T4 (oC) 176.602 175.450 

 

P5 (bara) 8.8750 8.350 
T5 (oC) 176.329 175.171 
hf5 (kJ/kg) 739.441 734.352 
hfg5 (kJ/kg) 2032.530 2036.530 
hg5 (kJ/kg) 2771.970 2770.880 

 

P6 (bara) 1.0040 1.0040 
Tdoy,6 (oC) 99.7176 99.7176 
T  (oC) 109.2 110.7 
hg6 (kJ/kg) 2674.61 2674.61 
C (kJ/kgK) 2.04439 2.04027 
h ,6 (kJ/kg) 2693.996 2697.017 

 
m (kg) 0.3010 0.1910 
mkondenser,A.K. (kg) 0.0000 0.0000 

 mkondenser,K.K. (kg) 7.3300 6.6680 
Buhar Numune  mbn (kg) 7.6310 6.8590 
Buhar Numunesi Debisi bn (kg/h) 30.5240 27.4360 
A.K. Kuruluk Derecesi x1 0.9606 0.9722 
K.K. Kuruluk Derecesi x2 0.9616 0.9637 
Num. Kuruluk Derecesi  xn 0.9237 0.9369 

 sep (%) 17.29 
 

4.21. Test 7 / Hesaplanan minumum kuruluk derecesi 
 

    

Test 7 / Minimum Kuruluk 
Derecesi 

Min. T ,6 104.7176 104.7176 
Min. h ,6 2684.83195 2684.81135 
x2,min 0.9571 0.9577 

x2 - x2,min   x2 - x2,min  0.0045 0.0060 
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4.1.8. Test 8 s  

 

Test 8, 9.

 

 

4.22.  
 

i 8 / Ye 904 bar 
 Test 8                     

 Ptest (bara) 2.9040 
 T ,set (oC) 150.00 

 ttest (dk) 15.000 
 P1 (bara) 2.8930 

 
P2 (bara) 2.8920 
T2 (oC) 132.422 

 
P3 (bara) 2.8940 
T3 (oC) 150.111 

 
P4 (bara) 2.8440 
T4 (oC) 150.091 

 

P5 (bara) 2.7840 
T5 (oC) 147.881 
hf5 (kj/kg) 550.108 
hfg5 (kj/kg) 2170.820 
hg5 (kj/kg) 2720.930 

 

P6 (bara) 1.0040 
Tdoy,6 (oC) 99.7176 
T ,6 (oC) 151.9 
hg6 (kj/kg) 2674.61 
C ,6 (kj/kgK) 1.98378 
h ,6 (kj/kg) 2778.091 

 
m (kg) 0.0000 
mkondenser,A.K. (kg) 0.0000 

 mkondenser,K.K. (kg) 7.6350 
 mbn (kg) 7.6350 

Buhar Numunesi Debisi bn (kg/h) 30.5400 
A.K. Kuruluk Derecesi x1 1.0000 
K.K. Kuruluk Derecesi x2 1.0263 
Num. Kuruluk Derecesi  xn 1.0263 

 - doy,6 (oC)  52.2 
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4.23.  
 

Test 8 / Y 904 bar 
   

 Ptest (bara) 9.9040 9.9040 
  - A 

 ttest (dk) 15.000 15.000 
 P1 (bara) 9.8930 9.8930 

 
P4 (bara) 9.4430 9.2030 
T4 (oC) 178.924 177.822 

 

P5 (bara) 9.3760 9.1360 
T5 (oC) 178.669 177.561 
hf5 (kJ/kg) 749.739 744.859 
hfg5 (kJ/kg) 2024.380 2028.250 
hg5 (kJ/kg) 2774.120 2773.110 

 

P6 (bara) 1.0040 1.0040 
Tdoy,6 (oC) 99.7176 99.7176 
T ,6 (oC) 109.6 111.1 
hg6 (kJ/kg) 2674.61 2674.61 
C ,6 (kJ/kgK) 2.04326 2.03921 
h ,6 (kJ/kg) 2694.802 2697.821 

 
m (kg) 0.2440 0.1540 
mkondenser,A.K. (kg) 0.0000 0.0000 

 mkondenser,K.K. (kg) 7.3890 7.0930 
 mbn (kg) 7.6330 7.2470 

Buhar Numunesi Debisi bn (kg/h) 30.5320 28.9880 
A.K. Kuruluk Derecesi x1 0.9680 0.9787 
K.K. Kuruluk Derecesi x2 0.9608 0.9629 
Num. Kuruluk Derecesi  xn 0.9301 0.9424 
S  sep (%) 17.62 

 

4.24. Test 8 / Hesaplanan minumum kuruluk derecesi 
 

    

Test 8 / Minimum Kuruluk Derecesi 
Min. T ,6 104.7176 104.7176 
Min. h ,6 2684.8263 2684.80605 
x2,min 0.9559 0.9565 

x2 - x2,min   x2 - x2,min  0.0049 0.0064 
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4.1.9. Test 9 s  

 

Test 9, 10.

 

 

4.25. Test 9 /  
 

 0.904 bar 
 Test 9                     

 Ptest (bara) 2.9040 
 T ,set (oC) 150.00 

 ttest (dk) 15.000 
 P1 (bara) 2.8930 

 
P2 (bara) 2.8920 
T2 (oC) 132.417 

 
P3 (bara) 2.8940 
T3 (oC) 150.354 

 
P4 (bara) 2.8440 
T4 (oC) 150.334 

 

P5 (bara) 2.7850 
T5 (oC) 148.124 
hf5 (kj/kg) 550.159 
hfg5 (kj/kg) 2170.790 
hg5 (kj/kg) 2720.950 

 

P6 (bara) 1.0040 
Tdoy,6 (oC) 99.7176 
T ,6 (oC) 152.1 
hg6 (kj/kg) 2674.61 
C ,6 (kj/kgK) 1.98366 
h ,6 (kj/kg) 2778.566 

 
m (kg) 0.0114 
mkondenser,A.K. (kg) 0.0000 

 mkondenser,K.K. (kg) 7.5050 
 mbn (kg) 7.5164 

Buhar Numunesi Debisi bn (kg/h) 30.0656 
A.K. Kuruluk Derecesi x1 0.9985 
K.K. Kuruluk Derecesi x2 1.0265 
Num. Kuruluk Derecesi  xn 1.0250 

 - doy,6 (oC)  52.4 
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4.26.   
 

: 0.904 bar 
   

 Ptest (bara) 10.4040 10.4040 
  - A 

 ttest (dk) 15.000 15.000 
 P1 (bara) 10.3930 10.3930 

 
P4 (bara) 9.9430 9.7030 
T4 (oC) 181.151 180.093 

 

P5 (bara) 9.8760 9.6360 
T5 (oC) 180.909 179.845 
hf5 (kJ/kg) 759.613 754.921 
hfg5 (kJ/kg) 2016.510 2020.260 
hg5 (kJ/kg) 2776.120 2775.180 

 

P6 (bara) 1.0040 1.0040 
Tdoy,6 (oC) 99.7176 99.7176 
T ,6 (oC) 110.1 111.6 
hg6 (kJ/kg) 2674.61 2674.61 
C ,6 (kJ/kgK) 2.04188 2.03792 
h ,6 (kJ/kg) 2695.810 2698.825 

 
m (kg) 0.1980 0.1150 
mkondenser,A.K. (kg) 0.0000 0.0000 

 mkondenser,K.K. (kg) 7.4290 7.1420 
 mbn (kg) 7.6270 7.2570 

Buhar Numunesi Debisi bn (kg/h) 30.5080 29.0280 
A.K. Kuruluk Derecesi x1 0.9740 0.9842 
K.K. Kuruluk Derecesi x2 0.9602 0.9622 
Num. Kuruluk Derecesi  xn 0.9352 0.9470 

 sep (%) 18.09 
 

4.27. Test 9 / Hesaplanan minumum kuruluk derecesi 
 

    

Test 9 / Minimum Kuruluk 
Derecesi 

Min. T ,6 104.7176 104.7176 
Min. h ,6 2684,8194 2684.7996 
x2,min 0.9547 0.9553 

x2 - x2,min   x2 - x2,min  0.0055 0.0069 
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4.1.10. Test 10 s  

 

Test 10, 10.

 

 

4.28.  
 

 904 bar 
 Test 10                     

 Ptest (bara) 2.9040 
 T ,set (oC) 150.00 

 ttest (dk) 15.000 
 P1 (bara) 2.8920 

 
P2 (bara) 2.8910 
T2 (oC) 132.409 

 
P3 (bara) 2.8930 
T3 (oC) 150.005 

 
P4 (bara) 2.8430 
T4 (oC) 149.985 

 

P5 (bara) 2.7830 
T5 (oC) 147.885 
hf5 (kj/kg) 550.056 
hfg5 (kj/kg) 2170.860 
hg5 (kj/kg) 2720.920 

 

P6 (bara) 1.0040 
Tdoy,6 (oC) 99.7176 
T ,6 (oC) 152.1 
hg6 (kj/kg) 2674.61 
C ,6 (kj/kgK) 1.98366 
h ,6 (kj/kg) 2778.588 

A.K.  
m (kg) 0.0000 
mkondenser,A.K. (kg) 0.0000 

 mkondenser,K.K. (kg) 7.4930 
 mbn (kg) 7.4930 

Buhar Numunesi Debisi bn (kg/h) 29.9720 
A.K. Kuruluk Derecesi x1 1.0000 
K.K. Kuruluk Derecesi x2 1.0266 
Num. Kuruluk Derecesi  xn 1.0266 

 - doy,6 (oC)  52.4 
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 o

ibidir. 

 

4.29.  
 

Test 904 bar 
   

 Ptest (bara) 10.9040 10.9040 
  - A 

Test  ttest (dk) 15.000 15.000 
 P1 (bara) 10.8930 10.8930 

 
P4 (bara) 10.4430 10.2030 
T4 (oC) 183.291 182.274 

 

P5 (bara) 10.3780 10.1380 
T5 (oC) 183.069 182.046 
hf5 (kJ/kg) 769.157 764.638 
hfg5 (kJ/kg) 2008.840 2012.480 
hg5 (kJ/kg) 2777.990 2777.120 

 

P6 (bara) 1.0040 1.0040 
Tdoy,6 (oC) 99.7176 99.7176 
T ,6 (oC) 110.9 112.3 
hg6 (kJ/kg) 2674.61 2674.61 
C ,6 (kJ/kgK) 2.03974 2.03615 
h ,6 (kJ/kg) 2697.419 2700.230 

A.  
m (kg) 0.1480 0.0760 
mkondenser,A.K. (kg) 0.0000 0.0000 

 mkondenser,K.K. (kg) 7.5090 7.6150 
 mbn (kg) 7.6570 7.6910 

Buhar Numunesi Debisi bn (kg/h) 30.6280 30.7640 
A.K. Kuruluk Derecesi x1 0.9807 0.9901 
K.K. Kuruluk Derecesi x2 0.9599 0.9618 
Num. Kuruluk Derecesi  xn 0.9413 0.9523 

 sep (%) 18.67 
 

4.30. Test 10 / Hesaplanan minumum kuruluk derecesi 
 

    

Test 10 / Minimum Kuruluk 
Derecesi 

Min. T ,6 104.7176 104.7176 
Min. h ,6 2684.8087 2684.79075 
x2,min 0.9536 0.9541 

x2 - x2,min   x2 - x2,min  0.0063 0.0077 
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4.2.  

 

 

 

 
 

4.1.  

 

 

 

 
 

4.2.   
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 b 3  deki gibidir.  

 

 
 

4.3.  
 

 

veril  

 

 
 

4.4.  
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4.5. 
 

 

kalorimetresin 1

6 aki gibidir.  

 

 
  

4.6. 
te  
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2

 

 

 
 

4.7. 
 

 

kalorimetrelerin 1 ve x2

 

 

 
 

4.8.  kalorimetrelerin
imi 
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1 ve x2

 

 

 
 

4.9.  kalorimetrelerin
 

 

 

 

 
 

4.10. 
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Seperat

 

 

 
 

4.11.  
 

 

 

 

 

 
 

4.12. 
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4.13. 
  

 

 

 

 
 

4.14. 
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yle birlikte 

6.5, 7, 8, 8.5, 9, 9.  

leriyle, kalorimetreden elde edilen 

 

ilen referans buhar numunesinin kuruluk derecesinin 

9040 bara 9055 olan kuruluk derecesi, 10.9040 bara maks. 

test  

 

  min. test 

9165 olan buhar numunesi kuruluk derecesi, 10.940 bara maks. test 

da 0.  

i  

 000 kg/h  kapasiteli su borulu buhar 
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v 62 iken maks. test 

artarak %18.67  

2 - x2,min 

 

, numunenin kuruluk derecesinde meydana gelen 

i   

3 o

o  

Son olarak, 

bar ve izotermal bir 

068 barg mertebesinde

0.5  0.2 o n ihmal edilebilir 

  

 

 

 

 

prototipleriyle kontroll

 

 

 

olarak, 
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