SENCRONE TR

TEKNIiK BiLGi - BUHAR SiSTEMLERI

Buhar Turleri:
Doymus, Islak ve Kizgin Buhar

EndUstriyel tesislerde “buhar” tek bir termodinamik durumu ifade etmez. Basing, sicaklik
ve sivi su miktari degistikce buharin tasidigi eneriji, 1si transfer davranisi ve ekipman
Uzerindeki etkileri de degisir.

Basnrg: } s.'“.:akhk Kuruluk derecesi Is1 transfer davranisi Saha ve c?k_lpman
iliskisi etkisi

1. Doyma Noktasi Nedir?

Su, bulundugu basinca karsilik gelen kaynama sicakligina ulastiginda sivi fazdan buhar fazina gecmeye
baslar. Bu sicakliga doyma sicakhgdenir. Doymus buharda basing arttikca doyma sicakhgi da artar.

Uc temel buhar durumu
T .. )

/

N
ISLAK BUHAR KURU DOYMUS BUHAR KIZGIN BUHAR
Su buhar + sivi damlaciklar Doyma sinirinda - x = 1 T > doyma sicakligi

Sekil 1 - Islak, kuru doymus ve kizgin buharin kavramsal karsilastirmasi.

SENCRONE NOTU
Doymus buharda basing ile sicaklik birbirinden bagimsiz degildir. Bu iliski serinin bir sonraki teknik
yazisinda ayrintili ele alinacaktir.
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2. Kuru Doymus Buhar Nedir?

Belirli bir basincta, o basinca karsilik gelen doyma sicakliginda bulunan ve ideal tanimda sivi su
damlaciklari icermeyen buhara kuru doymus buhadenir. Kuruluk derecesi x = 1lolarak ifade edilir.

Kuru doymus buhar, yogusurken 6nemli miktarda buharlasma entalpisini proses ylizeyine aktarir. Bu
nedenle esanjor, serpantin, proses tanki, kurutma ve sterilizasyon gibi bircok i1sitma uygulamasinda guclu
bir 1s1 tastyicisidir.

3. Islak Buhar Nedir?

Buhar akisi icinde sivi su damlaciklari bulunuyorsa bu karisim 1slak buhamlarak adlandirilir. Islak buhar
iki fazhdir: su buhari + sivi su. Karisimin kltlesel olarak ne kadarinin buhar fazinda oldugunu kuruluk
derecesigosterir.

Kuruluk derecesi neyi anlatir?

Islak buhar Kuru doymus
Daha fazla sivi su Sivi damlacik yok (ideal)
[ ] (]
e o °

X = 0.95 -»95% buhar / 5% sivi su

Sekil 2 - Kuruluk derecesinin kavramsal gosterimi. x = 1 ideal kuru doymus siniri ifade eder.

x = 1,00 x =0,95 Kuruluk dustukce
ideal kuru doymus buhar. Sivi Kutlenin yaklasik %95'i buhar, Birim kutlede proses icin
damlacik bulunmadigi kabul %>5'i sivi sudur. kullanilabilir enerji de azalir.
edilir.

TERIM NOTU

Kuruluk derecesi, 1slak buhar bélgesi icin kullanilir. Kizgin buhar “%100 kurudur” diye tarif edilmek
yerine basing ve sicaklikla tanimlanir.
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4. Buhar Neden Islanir?

Islakhk yalnizca kazan cikisindaki su siriiklenmesinden kaynaklanmaz. Buhar daditim hatti cevreye isi
kaybettikce buharin bir bélimi yogusur ve kondensolusur. Uygun egim ve drenaj yoksa bu kondens
boru tabaninda birikir ve ytksek hizli buharla birlikte tasinabilir.

Buhar ana hattinda kondens davranisi

Buhar akisi
Egim + dizenli
Kondens filmi / birikimi |

Drenaj cebi + Buhar kapani

Sekil 3 - Buhar ana hattinda kondens olusumu, tasinmasi ve drenajin prensip goésterimi.

5. Islak Buhar Neden Istenmez?

Is1 transferi Erozyon Su darbesi

Kuruluk azaldiginda birim Yuksek hizli sivi damlaciklari Biriken kondensin kontrolsiiz
kltlede tasinan kullanilabilir vana, dirsek ve ekipman hareketi ciddi mekanik
enerji dusebilir. ylUzeylerinde asinmayi artirabilir. darbelere yol acabilir.

Kondensin buhar ana hatti boyunca dutzenli olarak uzaklastiriimasi ve ekipman 6nlerinde uygun drenaj
dlzeninin kurulmasi, glvenilir buhar dagitiminin temel saha prensiplerindendir.

SENCRONE SAHA YAKLASIMI
Dogru buhar kalitesi yalnizca kazan konusu degildir; boru egimi, izolasyon, kondens cepleri, buhar
kapanlar ve gerektiginde separator birlikte degerlendirilmelidir.
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6. Kizgin Buhar Nedir?

Doymus buhara ayni basing seviyesinde ilave isi verildiginde ve sicaklik doyma sicakliginin izerine
ciktiginda kizgin buharlusur. Doymus buhardan farkli olarak kizgin buharin durumunu tanimlamak igin
yalnizca basinci bilmek yetmez; basing ve sicaklik birliktelinmelidir.

Ayni basingta: doymus buhar ve kizgin buhar

Doymus buhar Kizgin buhar m
10 bar(g) 10 bar(g) k//
~184 °C 220 °C

Doyma sicakligi Kizgin buhar sicakligi
Ayni basing Ayni basing

Sekil 4 - 10 bar(qg) icin doymus ve kizgin buharin kavramsal karsilastirmasi.

7. Kizgin Buhar Nerelerde Kullanilir?

Kizgin buhar 6zellikle buhar tirbinleri ve gl Uretimi gibi mekanik is Gretiminin 6ne ¢iktigi uygulamalarda
o6nemlidir. Buna karsilik klasik proses isitmasinda kuru doymus buhar ¢ogu zaman daha uygun bir 1s
tastyicisidir; ¢linkli yogusma sirasinda ylksek miktarda gizli isiy1 yaklasik sabit sicaklikta aktarir.

SENCRONE SAHA NOTU

Kizgin buhar hattinda kararli isletmede boru cidari doyma sicakliginin Gzerinde kalirsa kondens
olusmayabilir. Ancak soguk ilk devreye almada hat isinana kadar kondens olusur; drenaj ihtiyaci
ortadan kalkmaz.

8. Kisa Karsilastirma

Ozellik Islak buhar Kuru doymus Kizgin

Sivi su Var Yok (ideal) Yok

Kuruluk x<1 x=1 Uygulanmaz
Sicaklik Doyma kosulu Doyma sicakhgi Doymanin Ustu
Tipik kullanim Genellikle istenmez Proses isitma Tarbin / glg
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9. Sahada U¢ Durumu Nasil Ayirinz?

Basing gostergesi tek basina her zaman yeterli degildir. Doymus buharda basing, doyma sicakligini
belirler; kizgin buharda ise gercek sicakligin ayrica élglilmesi gerekir. Islak buharin degerlendiriimesinde
kuruluk derecesi, kondens davranisi ve sistem tasarimi dnem kazanir.

10 bar(g) x = 0,95 220 °C

Doymus buhar Islak buhar Kizgin buhar
Doyma sicakligi yaklasik Ayni basincta akis icinde sivi 10 bar(g)'da sicaklik doyma
184 °C Proses Isitmasinda su damlaciklari bulunur. sicakliginin Gzerindedir.

tipik referans durum.

10. Gorulen Beyaz Bulut Buharin Kendisi midir?

Saf su buhari gériinmezdir. Atmosfere bosalan buharin cevresinde gordigimiz beyaz bulutun énemli
bolimU, buharin sogumasiyla olusan ¢ok kliciik sivi su damlaciklaridir. Bu nedenle yalnizca gozle bakarak
kacak miktarini veya bir kondenstopun durumunu glvenilir bicimde belirlemek mimkin degildir.

Sonuc

Endustriyel buhar sistemlerinde yalnizca “kac bar?” sorusu yeterli degildir. Buharin
termodinamik durumu ve kalitesi; ekipman secimi, isi transferi, enerji verimliligi ve sistem
guvenilirligi acisindan dogrudan 6nem tasir.

SONRAKI TEKNIK BILGI

Buharda Basing - Sicaklik iliskisi: Basin¢ Arttiginda Buhar Sicakhigi Neden Artar?
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Types of Steam:

Saturated, Wet and Superheated Steam

In industrial plants, “steam” does not describe a single thermodynamic state. As
pressure, temperature and liquid-water content change, so do the energy carried by the
steam, its heat-transfer behaviour and its effects on equipment.

Pressure - Drvness fraction Heat-transfer Field and equipment
temperature relation ry behaviour effects

1. What Is the Saturation Point?

At a given pressure, water begins to change from liquid to vapour when it reaches the corresponding
boiling temperature. This is the saturation temperaturéor saturated steam, saturation temperature
increases as pressure increases.

Three principal steam states
D D

/

N
WET STEAM DRY SATURATED STEAM SUPERHEATED STEAM
Vapour + liquid droplets At saturation - x =1 T > saturation temperature

Figure 1 - Conceptual comparison of wet, dry saturated and superheated steam.

SENCRONE NOTE
For saturated steam, pressure and temperature are not independent. The next technical guide will
examine this relationship in detail.
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2. What Is Dry Saturated Steam?

Dry saturated steam is steam at the saturation temperature corresponding to its pressure and, in the
ideal definition, contains no entrained liquid-water droplets. Its dryness fraction is expressed as x = 1

As dry saturated steam condenses, it releases a large amount of latent heat to the process surface. This
is why it is widely used in heat exchangers, coils, process vessels, dryers and sterilisation duties.

3. What Is Wet Steam?

If liguid-water droplets are entrained in the vapour flow, the mixture is called wet steamlt is a two-
phase mixture of water vapour and liquid water. The mass fraction existing as vapour is described by the
dryness fraction

What does dryness fraction describe?

Wet steam Dry saturated
More liquid water No liquid droplets (ideal)
[ J [ J
[ J [ ) ([

x = 0.95 -»95% vapour / 5% liquid water

Figure 2 - Conceptual representation of dryness fraction. x = 1 is the ideal dry-saturated boundary.

x = 1.00 x = 0.95 As dryness falls
Ideal dry saturated steam; no Approximately 95% of the The useful energy available per
liquid droplets are assumed. mixture mass is vapour and 5% unit mass also decreases.

is liquid water.

TERMINOLOGY NOTE
Dryness fraction applies to the wet-steam region. Superheated steam is defined by pressure and
temperature rather than by assigning a dryness percentage.
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4. Why Does Steam Become Wet?

Wetness is not caused only by boiler carryover. As steam loses heat to its surroundings, part of the
vapour condenses. Without suitable pipe gradient and drainage, condensate can accumulate along the
bottom of the main and be carried by high-velocity steam.

Condensate behaviour in a steam main

Steam flow

Condensate film / accumulation |

Drain pocket + Steam trap

Figure 3 - Principle view of condensate formation, transport and drainage in a steam main.

5. Why Is Wet Steam Undesirable?

Heat transfer Erosion Waterhammer

As dryness falls, useful energy High-velocity droplets may Uncontrolled movement of

carried per unit mass can increase wear on valves, bends accumulated condensate can

decrease. and equipment surfaces. create severe mechanical
shock.

Regular condensate removal from steam mains and correct drainage arrangements upstream of
equipment are fundamental field principles for reliable steam distribution.

SENCRONE FIELD APPROACH
Steam quality is not only a boiler issue. Pipe gradient, insulation, drain pockets, steam traps and
separators where required should be considered as one system.
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6. What Is Superheated Steam?

Superheated steam is produced when additional heat is supplied to saturated steam and its temperature
rises above the saturation temperature at the same pressure. Unlike saturated steam, pressure alone
does not define its state; pressure and temperature must both be known

At the same pressure: saturated vs superheated steam

Saturated steam Superheated steam m
10 bar(g) 10 bar(g) /
P
o o u
~184 °C 220 °C
Saturation temperature Superheated temperature

Same pressure Same pressure

Figure 4 - Conceptual comparison of saturated and superheated steam at 10 bar(g).

7. Where Is Superheated Steam Used?

Superheated steam is particularly important in steam turbines and power-generation duties, where
mechanical work is the primary objective. For conventional process heating, dry saturated steam is often
a more suitable heating medium because it releases large amounts of latent heat at approximately
constant saturation temperature as it condenses.

SENCRONE FIELD NOTE

During steady superheated operation, condensate may not form if the pipe wall remains above
saturation temperature. During cold start-up, however, condensate forms until the line warms up, so
drainage remains necessary.

8. Quick Comparison

Property Wet steam Dry saturated Superheated
Liquid water Present Absent (ideal) Absent

Dryness fraction x<1 x=1 Not applied
Temperature Saturation condition Saturation temperature Above saturation
Typical use Generally undesirable Process heating Turbines / power
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9. How Do We Distinguish the Three States in the
Field?

A pressure gauge alone is not always sufficient. For saturated steam, pressure establishes the saturation
temperature; for superheated steam, the actual temperature must also be measured. For wet steam,
dryness fraction, condensate behaviour and system design become important.

10 bar(g) x = 0.95 220 °C

Saturated steam Wet steam Superheated steam
Saturation temperature is Liquid-water droplets are At 10 bar(g), the
approximately 184 °C A present in the flow at the temperature is above
typical reference state for same pressure. saturation.

process heating.

10. Is the White Cloud We See Actually Steam?

Pure water vapour is invisible. Much of the visible white cloud around an atmospheric steam discharge
consists of tiny liquid-water droplets formed as the vapour cools and condenses. Visual observation alone
therefore cannot reliably quantify a steam loss or determine the condition of a steam trap.

Conclusion

In an industrial steam system, asking only “how many bar?” is not enough. Steam quality and
thermodynamic state directly influence equipment selection, heat transfer, energy efficiency and
system reliability.

NEXT TECHNICAL GUIDE
Pressure - Temperature Relationship of Steam: Why Does Steam Temperature

Increase with Pressure?
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