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OZET

Sicaklik farklar olan ve temas halinde bulunan iki veya daha fazla akiskan ya da bir kati ve bir
akiskan ya da kat1 parcaciklar ile akiskan arasinda termal enerji (entalpi) gegisini saglayan cihazlara
181 degistiriciler denir. Is1 degistirici sistemlerde gogunlukla sistem disindan 1s1 veya is aligverisi ger-
ceklesmez. Bu tip cihazlar hem giinliik hayatimizda hem de termik santrallerin buhar jeneratorleri,
kimya endiistrisinde damiticilar, 1sitma, havalandirma, iklimlendirme ve sogutma uygulamalarinda
buharlastirict ve yogusturucular, elektronik cihazlarda sogutucular, otomobil radyatorleri, gaz tiirbin
motorlardaki rejeneratorler gibi endiistriyel uygulamalarda yaygin kullanima sahiptir. Bu ¢alismada,
yaygin kullanima sahip 1s1 degistiricilerinin 6nemi gozetilerek kapsamli bir giris yapilacaktir. Temel
tasarim yontemleri 6zetlenecektir. Is1 degistiricilerin performansini etkileyen en 6nemli parametreler
olan basing diisiimii ve kirlilik, 1s1 degistirici tasarimina yeni baslayan miihendisleri tesvik amactyla
incelenecek ve 6zetlenecektir.
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ABSTRACT

A heat exchanger is a device that is used to transfer thermal energy (enthalpy) between two or more
fluids, between a solid surface and a fluid, or between solid particulates and a fluid at different tem-
peratures and in thermal contact. In heat exchangers, there is usually no external heat and work inte-
ractions. These devices can be used widely both in daily life and such industrial applications as steam
generators in thermal power plants, distillers in chemical industry, evaporators and condensers in
HVAC applications and refrigeration process, electronical heat sinks, automobile radiators, regenera-
tors in gas turbine engines. In this study a comprehensive introduction is presented by considering the
importance of widely used heat exchangers. The fundamental design methods are summarized. Since
the most important parameters affecting the performance of the heat exchanger are pressure drop and
fouling, these are investigated and summarized in order to encourage beginner engineers with heat
exchanger design.
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1. 1S1 DEGISTIRICILERIN
SINIFLANDIRILMASI

arkli branslarda, farkli amaglarla kullanilan 1s1 degis-

tiriciler; 1s1 degisim sekline, akigkan sayisina, 1s1 gegis

yiizeyinin 1s1 gecis hacmine oranina (kompaktlik), ya-
pisal ozelliklerine, akis sekillerine, 1s1 transfer mekanizmala-
rina gore siniflandirilirlar [1].

1.1 Is1 Degisim Sekline Gore Siniflandirma

Ist degistiriciler; 1s1 degisim sekline gore dogrudan temaslt ve
dogrudan temas olmayan olarak ikiye ayrilir (Sekil-1).

Dogrudan temas olmayan tip

Dogrudan temas olmayan 1s1 degistiricilerde; akigskan akislari
ayridir ve gegirimsiz (sizdirmaz) ayirici duvar sayesinde ara-
liksiz olarak 1s1 transferi gergeklesir. Akiskanlar arasinda te-
mas yoktur, bu tip 1s1 degistiricilere yiizey 1s1 degistiricileri de
denilir ve dogrudan transfer tipi, depolama tipi, akigskan yatak
olarak iice ayrilir.

Dogrudan transfer tipi 1s1 degistiricilerinde; ayirict duvar yar-
dimryla sicak akigkandan soguk akiskana siirekli 1s1 transferi
gerceklesir. Akiskanlar farkli boliimlerde hareket eder ve ka-
rismazlar. Bu tip 1s1 degistiricilere rekiiperator de denilir. Bazi
ornek dogrudan transfer 1s1 degistiricileri ise; borulu, levhali
ve kanatli tip 1s1 degistiricilerdir.

Depolama tipi 1s1 degistiricilerde; iki akiskan sirayla ayn1 akis
alanindan geger, bu sebeple 1s1 transferi araliklidir. Once sicak
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1. CLASSIFICATION OF HEAT
EXCHANGERS"

eat exchangers which are used for different aims

in different applications are classified according to

transfer processes, ratio of heat transfer surface area
to volume (surface compactness), construction features, flow
arrangements, heat transfer mechanisms [1].

1.1 Classification According to Transfer Process

Heat exchangers are classified according to transfer processes
into indirect and direct contact types (Fig.-1).

Indirect contact type

In an indirect contact heat exchanger; the fluid streams re-
main separate and the heat transfers continuously through an
impervious dividing wall. There is no direct contact between
thermally interacting fluids. These type of heat exchanger, also
referred to as a surface heat exchanger, can be classified into
direct transfer type, storage type and fluidized bed exchangers.

In direct transfer type heat exchangers, heat transfers continu-
ously from the hot fluid to the cold fluid through a dividing
wall. Each fluid flows in separate fluid passages and don’t
mix. These type of heat exchangers are also called recupera-
tors. Some examples of direct transfer type heat exchangers
are tubular, plate type and extended surface exchangers.

In a storage type exchanger, both fluids flow alternatively
through the same flow passages, and hence heat transfer is in-

Is1 degisim sekline gore siniflandirma

Classification according to transfer process

Sekil 1. Isi Degisim Sekline Gore Siniflandirma
Figure 1. Classification According to Transfer Process

Dogrudan temas olmayan tip Dogrudan temasl tip
Indirect contact type Direct contact type
Karigmayan
Dogrudan transfer Depolama Akisgkan yatak akiskanlar Gaz-Sivi Sivi-Buhar
Direct transfer Storage Fluidized bed Immiscible Gas-Liquid || Liquid-Vapor
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Single phase || Multi phase
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Isi Degjstiricilerin Tasarimina Bir Bakig

madde arayiizden geger ve arayiizii 1sitir, daha sonra ayn1 bol-
geden soguk malzeme gecer ve sicak arayiizden 1s1 transfer
eder. Is1 transfer yiizeyi ya da akis alan1 genellikle matris de-
nilen hiicresel yapidadir veya delikli, gegirgen kat1 malzeme-
dendir. Bu tip 1s1 degistiricilere rejenerator de denilir.

Akiskan yatakli 1s1 degistiricilerde ise; iki akiskandan bir
tanesi kendi akis alanindan gecerken, digeri sicak kati par-
tikiillerin arasindan gegmektedir. Ikinci akiskan yeterince
hizlandiginda kat1 partikiiller akiskan partikiillerine yapisarak
diger maddenin akis alani etrafinda homojen olarak dagilma-
ya baglarlar, bundan dolay1 sicak kati madde ile soguk madde
arasinda daha iyi 1s1 transferi gergeklesir (Sekil-2).

Dogrudan temash tip

Dogrudan temaslt 1s1 degistiricilerde; iki ayr1 akiskan direk
temasta bulunur, 1s1 transferi gerceklesir ve tekrar ayrilirlar.
Genellikle bu tip 1s1 degisiminde, 1s1 transferi yani sira kiitle
transferi de gergeklesir. Dogrudan temas olmayan tipe gore;
daha yiiksek 1s1 transfer oranlari yakalanir, 1s1 degistirici ima-
lat1 ucuzdur ve ara yiizey olmadig1 i¢in titkanma problemi de
gerceklesmez. Karigmayan akigkanlarla 1s1 degistirici, gaz-sivi
1s1 degistirici ve sivi-buhar 1s1 degistiriciler olarak {ige ayrila-
bilirler.

Karismayan akiskanlarla 1s1 degistiricilerde, iki akiskan birbi-
riyle temas eder. Akiskanlar tek veya iki faz da olabilir, 6rnek
olarak su-yag arasi 1s1 degisimi verilebilir.

A Design Review For Heat Exchangers

termittent. When hot fluid flows over the heat transfer surface,
matrix wall is heated. As cold fluid flows through the same
passages later, matrix wall gives up thermal energy to cold
fluid. The heat transfer surface or flow passages is generally
cellular in structure and is referred as a matrix or it is a per-
meable solid material. This type of heat exchangers are also
referred as regenerators.

In fluidized bed heat exchanger; one fluid of a two fluid ex-
changer crosses through own flow passage, while the other
one flows through finely divided hot solid particles. When
second fluid reaches high velocity solid particles float homo-
genically around first fluid flow passage via sticking to second
fluid particles. Using this phenomena, better heat transfer oc-
curs between hot and cold materials (Fig.-2).

Direct contact type

In a direct contact heat exchanger; two fluid streams come into
direct contact, exchange heat and are then separated. Com-
mon applications of a direct contact heat exchanger involve
mass transfer in addition to heat transfer. Compared to indi-
rect contact heat exchangers; in direct contact heat exchang-
ers very high heat transfer rates are achievable, the exchanger
construction is relatively inexpensive and the fouling problem
is nonexistent, due to the absence of a heat transfer surface.
They can be classified into immiscible fluid heat exchangers,
gas-fluid and liquid-vapor heat exchangers.

In immiscible fluid exchangers, fluid streams are brought into
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Sekil 3. Dogal Sogutma Kuleleri [3]
Figure 3. Cooling Towers [3]
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Gaz-s1v1 181 degistiricilerde; bir akigkan gaz (genellikle hava)
iken diger akiskan sividir (genellikle su) ve enerji transferin-
den sonra ayrilmaya hazirdirlar. Bu 1s1 degistiricilerde enerji
transferinin % 90’1 kiitle transferi yolu ile gerceklesir. Ornek
olarak; 1slak sogutma kulesi (Sekil-3), iklimlendirme sprey
haznesi sayilabilir.

Stvi-buhar 1s1 degistiricilerinde ise; buhar sogutma suyu kul-
lanarak yogusturulur, ya da su, atik buhar kullanilarak direk
temas ile 1sitilir. Buhar akiimiilatorleri 6rnek olarak verilebilir.

1.2 Akiskan Sayisina Gore Siniflandirma

Cogu 1sitma-sogutma islemi iki akigkan arasindaki 1s1 transfe-
rini igerir. Ug akigkan iceren 1s1 degistiriciler ise kriyojenik’te
ve bazi kimyasal islemlerde kullanilirlar. On iki akigkana
kadar bilesen iceren kimyasal islemler oldugu bilinmektedir
(Sekil-4).

1.3 Yiizey Kompakthgina Gore Siniflandirma

Govde-boru tipi 1s1 degistiricilere oranla; kompakt 1s1 degis-
tiricilerde birim hacim i¢in daha fazla 1s1 transfer yiizeyi bu-
lunmaktadir. Bunun sonucu olarak, azaltilmis hacim, agirlik

direct contact. Fluids may be single phase or two phase. Wa-
ter-oil heat transfer is a typical example.

In gas-liquid exchangers, one fluid is a gas (commonly air)
and other liquid (commonly water) and are readily separable
after the energy exchange. In these exchangers, more than
90% of the energy transfer is by virtue of mass transfer. A wet
cooling tower (Fig.-3) and air-conditioning spray chamber are
typical examples.

In liquid-vapor exchangers, steam is condensed using cooling
water or water is heated with waste steam through direct con-
tact. Steam accumulators are typical examples.

1.2 Classification According to Number of Fluids

Most processes of heating, cooling involve transfer of heat
between two fluids. Three fluid heat exchangers are widely
used in cryogenics and some chemical processes. Heat ex-
changers with as many as twelve fluid streams have been used
in some chemical process applications (Fig.-4).

1.3 Classification According to Surface Compactness

Compared to shell-and-tube exchangers, compact heat ex-
changers are characterized by a large heat transfer surface
area resulting in reduced space, weight and cost. Compact

Akiskan sayisina gore siniflandirma

Hea absorption cell Classification according to number of fluids

Yanma boliimii Akiskanlastirma Iki aklskan U‘; aklskan COk aklskan(>3)
Combustion cell Is1 alma boliimii Havasi ,Iju}: Two ﬂul d Three ﬂul i N -flul i (> 3 )
Heat absorption cell Fluidizing air S L

Sekil 2. Akigkan Yatakli Isi Degistirici [2], [1]
Figure 2. Fluidized Bed Heat Exchanger [2], [1]

Sekil 4. Akiskan Sayisina Gére Siniflandirma
Figure 4. Classification According to Number of Fluids
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Yiizey kompakthigina gore siniflandirma

Classification according to surface compactness

Gazdan akigkana

Sividan siviya ve hal degisimi
Liquid to liquid and phase change

Gas to fluid
Kompakt Kompakt olmayan
Compact Noncompact
(B=700 m?*/m?) (B<700 m?*/m?)

Kompakt Kompakt olmayan
Compact Noncompact
(B=400 m*/m?) (B<400 m?*/m3)

Sekil 5. Yiizey Kompaktigina Gére Siniflandirma
Figure 5. Classification According to Surface Compactness

ve maliyet elde edilir. Gazdan-akigkana ve sividan-siviya, faz
degisimi olarak ikiye ayrilabilir (Sekil-5). iki farkl1 ayrim icin
kompaktlik kriteri farklidur.

Yiizey alan yogunlugu (B) ise Denklem-1’e gore hesaplanir.

B=

Gazdan-akiskana 1s1 degistiriciler

Gazdan-akigkana 1s1 degistiricilerde; gazlarin 1s1 transfer kat-
sayisinin, sivilara gore diisiik olmasit 6nemli bir problemdir.
Fakat 1s1 degistiricide, 1s1 transferi yapan iki taraf i¢in de 1s1l
iletkenlik ayni olmalidir. Bu sebeple, gaz tarafinda daha fazla
transfer yiizeyi elde edebilmek amaciyla kanatgiklar (fin) kul-
lanilir. Genellikle azimsanmayacak seviyede maliyet, agirlik
ve hacim tasarrufu saglar; fakat yiizeylerde kirlilik, tikanma,
korozyon problemleri barindirir.

Sividan-siviya, faz degisimi 1s1 degistiricileri

Bu tip 1s1 degistiricilerden bazilari; contali levhali, kaynakli
levhal1 ve baskili levhali tiplerdir.

1.4 Yapisal Ozelliklerine Gore Simflandirma

Ist degistiriciler genellikle yapisal 6zdelliklerine gore sinif-
landirilirlar. Dort ana tip ise; borulu, levhali, kanatli ve reje-
nerat0r tiplerdir (Sekil-6).

Borulu 1s1 degistiriciler

Borulu 1s1 degistiriciler genellikle yuvarlak kesitli borulardan
imal edilse de; eliptik, prizmatik ya da burulmus tip borular
da kullanilabilir. Borulu 1s1 degistiriciler ¢ogunlukla arala-
rinda yiiksek basing farki bulunan akigkanlar i¢in tasarlanir

heat exchangers are classified into gas-to-fluid and liquid to
liquid, phase change exhangers (Fig.-5). There is different
compactness criteria for each class.

Heat transfer surface area density (B) can be calculated using
Eqn.-1.

4,

(M

toplam

Gas to fluid heat exchangers

In gas to fluid heat exchangers there is one important problem
that, the heat transfer coefficient gases are much smaller with
respect to coefficient of liquids. The thermal conductances
on both sides of the exchanger should be approximately the
same. Thus for a balanced design extended surfaces are em-
ployed on the gas side. Generally they supply substantial cost,
weight and volume savings. On the other hand, they contain
fouling and corrosion problems.

Liquid to liquid, phase change heat exchangers

Some of these type of heat exchangers are gasketed plate,
welded plate and printed circuit exchangers.

1.4 Classification According to Construction Features

Heat exchangers are frequently characterized by construction
features. Four major construction types are tubular, plate-
type, extended surface and regenerative exchangers (Fig.-6).

Tubular heat exchangers

These exchangers are generally built of circular tubes, al-
though elliptical, rectangular or twisted tubes have also been
used. Tubular exchangers can be designed for high pressure
differences between the fluids and are used for liquid to liquid
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Figure 6. Classification According to Construction Features

Sekil 6. Yapisal Ozelliklerine Gére Siniflandirma
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ve s1vi-siv1 veya faz degisimi
uygulamalar1 i¢in kullanilir.
Govde-boru, ¢ift boru ve spi-
ral boru olmak iizere lige ay-

rilirlar.

Govde-boru 1s1 degistiriciler;
bir grup yuvarlak borunun,
silindirik bir kabugun igine
yerlestirilmesiyle elde edilir.
Ana bilesenleri; borular, gov-
de, 6n ayna, arka ayna, sasirt-
ma levhasi, boru destekleridir

Boru yuvasi/Tubesheet

Ayna

(Sekil-7). Standart govde, 6n Head

ve arka ayna tipleri Sekil 8’de

Flang/Connections

Gavde/Shell

Sagirtma Boru Demeti
Baffles ; ‘. Tube Bundle

Montaj pargasi
Conta Mounting
Gaskets

Sekil 7. Gévde-Boru Isi Degistirici [4]

A Design Review For Heat Exchangers

and liquid to phase change
heat transfer applications.
These exchangers may be
classified as shell-and-tube,
double-pipe and spiral tube
exchangers.

Shell-and-tube heat exchang-
ers are generally built of a
bundle of round tubes mount-
ed in a cylindrical shell. The
major components are tubes,
shell, front end head, rear end
head, baffles and tubesheets
(Fig.-7). Standard shell, front
and rear end head types can

E. Nadir Kagar, L. Berrin Erbay

Sekil 9. Cift Borulu Isi Degistirici [5]
Figure 9. Double Pipe Heat Exchanger [5]

goriilebilir. Figure 7. Shell-and-Tube Heat Exchanger [4] b i Fie. 8
e seen in Fig. 8.
Borulu 1s1 degistiriciler; herhangi bir kapasite ya da ¢alisma Tubular heat exchangers are widely used in industry because
On Ayna Sabit Tip Gévde Tipi Arka ayna Sabit tip ortami i¢in Ozel olarak tasarlanabildiklerinden, endiistriyel of being designed for any capacity and operation conditions.
Front-end stationary head Shell types Rear-end head types uygulamalarda yogun olarak kullanilirlar. . i .
p— Double pipe heat exchangers consist of two concentric pipes
L e . Cift borulu 1s1 degistiriciler; i¢ ice gegmis iki boru bulundurur. with the inner pipe plain or finned (Fig.-9). One fluid flows in
E | | 1 L Igteki boru kanatgikli veya diiz olabilir (Sekil-9). Bir akiskan the inner pipe and the other fluid flows in the annulus between
Tek gegis govde Sabit boru yuvast, “A” gibi icteki boruda, digeri ise iki boru arasinda hareket eder. pipes.
One-Pass Shell Fixed tubesheet Like “A” stationary . o
. e Cift borulu 1s1 degistiriciler; toplam 1s1 transfer alaninm 50 Double pipe heat exchangers are generally used for small ca-
N 2 - . . . . . . . ) R .
Kanal ve cikanilabilir kapak !ml " m’ ya da daha az Old‘_lgu kugfuk kapamjceh uygulamalar icin pacity applications where the total heat transfer area required
Coannel and removable cover F kullanilirlar. Ciinkii, birim Ginite maliyeti fazladir. is 50 m? or less because it is expensive per unit surface area
iki gecis govde ve yatay sasirtma Sabit boru yuvasi, “B” gibi p P ’
Two-pass shell longitudinal baffle | _Fixed tubesheet Like “B stationary Spiral borulu 1s1 degistiriciler; bir gévde icinde, bobin gibi saril- . . .
—,_._,i..,,;, mlj bi va da bird f: sl b g bul id T fm Loen Spiral tube heat exchangers consist of one or more spirally
T 3 birya ca birden fazia spiral boru buiundururiar. lermat gen- wound coils fitted in a shell. Thermal expansion is no prob-
| | l N lesme problem olmasa da, temizlemek neredeyse imkansizdir. lem, but cleaning is almost impossible
P S , .
= ~ Sabit boru yuvasi, “N” gibi . “o ge e s
Muhafaza kapagi Ayn akig Fixed tubesheet Like "N stationary Levhali tip 1s1 degistiriciler Plate type heat exchangers
Bonnet (integral cover) Split Flow . o e . .
Levhal1 tip 1s1 degistiriciler, ince levhalar kullanilarak imal . .
) —H- v p & S_. > 1nee eV utanta ) Plate type heat exchangers are usually built of thin plates. The
P edilirler. Levhalar, diiz ya da girintili-¢ikintili olabilir. Bu tip . .
m B N - . plates are either smooth or have some form of corrugation.
H 1s1 degistiriciler yiiksek basinca, sicakliga ya da yiiksek basing )
Distan saril, kayar ayna . These exchangers can not accommodate very high pressures,
c - L Quiside nacked floaling head veya sicaklik farklara dayaniksizdirlar. Contali, spiral lev- .
Tkiz ayni akig e . .. temperatures or pressure and temperature differences. Plate
Double split flow _— hali, lamelli olarak {ige ayrilirlar. . )
¥ s s 1Y heat exchangers can be classified as gasketed plate, spiral
cpEoms yavasive alarlabils apad lanal W Contal1 levhali 1s1 degistiriciler, ince metal levhalardan bir plate and lamella.
qover d Fl lf‘ffkah deztek}tih k;ya;ay“; . paket yapilarak elde edilir. Bu levhalarin dort kdsesinde ) .
oaling head wi acking device . e . .
Ayrils akis ir akigkanlarin gegebilmesi i¢in delikler bulunmaktadir. Uygun Gasketed plate heat exchangers consist packaged .thm metal
Divided flow TR N contalarla akigskanlar yonlendirilir ve birbirlerine karismalari plat.es. There.are holes on plate ?t four comer f.or ﬂul.d to cross.
N T T s engellenir (Sekil-10). Sikistirma gubuklari ile sikistirilir. Is- Fluids are orientated anq restrained to mix using sult.able gas-
. Pul?;lk:;‘zl‘hk;ﬁ;zn}fm g tenildiginde sisteme levha eklenip ¢ikarilarak, 1s1l kapasite kets (Fig.-10). Package is compressed by compression bolts.
N e K i & degistirilebilir. Capacity can be changed by adding or subtracting plate.
Channel integral with tube sheet and removable | . . . .
cover Kettle tipi u ) Spiral levhali 1s1 degistiricilerde ise; iki uzun metal serit levha Spiral plate heat exchangers consist two relatively long strips
Ketile tvve reboller helisel sarilarak, iki akiskan icin spiral akis yolu ¢ifti olustu- of sheet metal wrapped helically to form a pair of spiral chan-
U boru demeti U tube bundle rulur (Sekil-11). Bu spiral doniislerden dolay: spiral plakali nels for two fluids (Fig.-11). These heat exchangers have
D 1s1 degistiricilerin ¢ap1 gok fazladir. Sistemin 1s1 transfer kat- relatively large diameter because of the spiral turns. The heat
X T w sayilari; govde-boru tip 1s1 degistiricilerinden fazla olsa da, transfer coefficients are not as high as plate types but higher
Yiiksek basing odals Ccaprazﬂakls T s ot bor yuvas levhali 1s1 degistiricilerinden azdir. than that for a shell and tube exchanger.
S it Bk preovn v - o Entermally sealed floating ubesheet Lamelli 1s1 degistiricileri; bir grup boruyu saran bir levha Lamella heat exchangers consist of an outer tubular shell sur-
Sekil 8. TEMA Standardina Gére Gévde, On ve Arka Ayna Tipleri [1]
‘ Figure 8. Standard Shell, Front and Rear End Head Types According to TEMA [1] ‘
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Tastyici bar
Carrying bar

’Son plaka End plate

Sabit taraf
Fixed frame

ilk plaka Start plate .

Soguk c¢ikist
Cold out

Sicak girisi
Hotin

Hareketli taraf

Moveable frame
h Soguk girisi
Cold in
ekil 11. Spiral Levhali Isi Degistirici [6], [7
Baglanti gubugu Sicak ¢ikisi $. p . Gistirici [6], [7]
Hot out Figure 11. Spiral Plate Heat Exchanger [6], [7]

Tie rods

Akiskan 2 Akiskan 2 giris - Akiskan 2 ¢ikis
Fluid 2 Fluid 2 inlet Fluid 2 exit

I

Conta/Gasket

Akigkan 1
Fluid 1

Sekil 12. Lamelli Isi Degistirici [8]
Akiskan 1 ¢ikis  Akiskan 2 girig Figure 12. Lamella Heat Exchanger [8]
Fluid 1 exit Fluid 2 inlet

gdvdeden olusur, fakat bu borular diizlestirilmis ince boru- rounding an inside bundle of elements which are flat tubes
Sekil 10. Contali Levhali Isi Degistirici [1], [6] lardir (Sekil-12). Bu tip 1s1 degistiriciler seliiloz ya da kagit (Fig.-12). These exchangers are used for pulp and paper in-
Figure 10. Gasketed Plate Heat Exchanger [1], [6] endiistrisinde kullanilirlar. dustry.

Cilt: 54 Cilt: 54
Say!: 644 22 Mihendis ve Makina Mihendis ve Makina 23 Say!: 644




Isi Degjstiricilerin Tasarimina Bir Bakig

A Design Review For Heat Exchangers

Sekil 13. Kanatcikli Borulu Isi Degistirici [1], [9]

Figure 13. Extended Surface Heat Exchanger [1], [9]

Kanath tip 1s1 degistiriciler

Extended surface heat exchangers

Daha once de bahsedildigi gibi; yiik-
sek 1s1 degistirici verimine ihtiyag du-
yulan, daha kompakt 1s1 degistiricilere
ihtiya¢ oldugunda kanatli 1s1 degistiri-
ciler kullanilir. Bu tip 1s1 degistiriciler
kanatcikli levha ve kanatgikli boru
olmak {izere iki ana boliime ayrilir.
Kanatgikli levha modelinde, yiizey
alanin1 arttirmak i¢in levha biikiilerek
¢ikintilar olusturulur. Arag radyatorle-
ri de bu tip 1s1 degistiricilere drnektir.
Kanatgikli boru modelinde ise; boru-
larin dig yiizeylerinde dairesel ¢ikinti-
lar bulunmaktadir (Sekil-13).

Rejeneratorler

Rejeneratorler; depolama tipi 1s1
degistiricilerdendir. Ddnen tip re-
jeneratorler (Sekil-14), sabit matris
rejeneratorler, periyodik akim reje-
neratdrleri ve 1s1 aklimiilatorii olarak

Sekil 14. Donen Tip Rejeneratér [10]
Figure 14. Rotary Type Regenerator [10]

Extended surface heat exchangers are
used for the case that high heat ex-
changer efficiency and more compact
heat exchangers are needed. These
type of exchangers can be classified
into plate-fin and tube-fin exchang-
ers. Plate are corrugated to extend
surface area for plate finned type.
Automotive radiators are examples
for this case For the tube-finned ex-
changers, there are annular fins at the
external surface of tubes (Fig.-13).

Regenerators

Regenerators are storage type heat
exchangers. They can be classified
into rotary type (Fig.-14), fixed mat
rix, periodic flow regenerators and
heat accumulators.

siniflandirilabilirler.

Rejeneratorlerin avantajlari; rekuperatore gore daha kompakt
olmas1 ve ekonomik olmasidir. Bunun sebebi ise, sicak ve so-
guk gaz akislarinin radyal conta veya vanalarla ayrilmasidir.

1.5 Akis Sekillerine Gore Siniflandirma

Is1 degistiricilerinde akis sekillerinin se¢imi; verim, basing
diistimii, minimum maksimum hizlar, akis giizergahlari, ter-
mal kaynakli stresler, sicaklik seviyeleri, borulama islemleri
ve diger tasarim kriterlerine gore yapilir. Tek gecisli ve ¢ok
gecisli olarak ikiye ayrilirlar (Sekil-15).

The main advantage of regenerator is

being more compact and economic
with respect to recuperators. The reason is separation of hot
and cold gas streams via radial gaskets or valves.

1.5 Classification According to Flow Arrangements

The choice of a particular flow arrangement is dependent on
effectiveness, available pressure drops, minimum and maxi-
mum velocities, flow paths allowable thermal stresses, tem-
perature levels, piping considerations and other design crite-
ria. Heat exchangers are classified into single pass and multi
pass (Fig.-15).

E. Nadir Kagar, L. Berrin Erbay

Akas sekillerine gore siniflandirma

Classification according to flow arrangements
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Figure 15. Classification According to Flow Arrangements

Sekil 15. Akis Sekillerine Gére Siniflandirma
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Tek gecisli 151 degistiriciler

Bu tip 1s1 degistiriciler; zit yonlerde akis (Sekil-16), paralel
akis, kars1 akig olarak ana boliimlere ayrilir. Zit yonlerde akis
modelinde; akigkanlar birbirlerine paralel, fakat ters yonde
hareket ederler. Bu tip akis modeli, termodinamik olarak di-
ger akis modellerine gore daha tistiindiir [11].

Paralel akis modelinde ise;

A Design Review For Heat Exchangers

Single pass heat exchangers

These type of heat exchangers consist counter flow (Fig.-16),
paralel flow and cross flow types. In a counter flow heat ex-
changer, two fluids flow paralel to each other but in opposite
directions. Counterflow arrangement is thermodynamically
superior to any other flow arrangement [11].

In a paralel flow exchanger,

akigkanlar 1s1 degistiricisi-
ne ayni taraftan girip, ayni
taraftan terk ederler. Bu tip
akis modeli, yiiksek sicaklik
verimi gerektiren uygulama-
lar i¢in kullanilmasalar da;
en yiiksek duvar sicakligi
yine zit akigli modelinkinden
distiktiir. Kars1 akigli model-
de, akiskanlar 1s1 degistirici-
sinde birbirlerine dik olarak

Sekil 16. Zit Yonlerde Akis Modeli [12]
Figure 16. Counter Flow Arrangement [12]

the fluid streams enter to-
gether at one end and leave
together at the other end.
Even if this type of flow ar-
rangement is not used for
high thermal efficiency ap-
plications, maximum wall
temperature is lower than
that of counter flow. In cross
flow exchangers, two fluids
flow in directions normal
to each other (Fig.-17). The

hareket eder (Sekil-17). En
yiiksek sicaklik farklari, si-
cak ve soguk akiskanin giris yaptigi koselerde goriiliir.

Cok gegisli 1s1 degistiriciler

Ist degistiricilerin boylarinin ¢ok uzun olmasi gerektiginde,

largest structural temperature
difference exists at the corner of the entering hot and cold
fluids.

Multi pass exchangers

When the design of a heat exchanger results in either an ex-

Capraz akig
Cross flow
—

Boru akist

Tube fluid out-in

(a) T P,I;'\;a

Sekil 18. Cok Gegigli Isi Degistiriciler [1]
Figure 18. Multi Pass Heat Exchangers [1]

Tube flow
Sekil 17. Karsi Akis Modeli [12], [13]
Figure 17. Cross Flow Arrangement [12], [13]
“ 4 2. gecis
Boru tarafi 3 Pass 2
akiskan % .
Tube fluid J, )) Govde tarafl.aklskan 2. boru gegisi
1. geci Shell fluid in Second tube pass
geels . i
—1 Pass 1 I(C ]' : £ i ; : Boru tarafi akigkan
1 \ i 1

b * Govde tarafi akiskan

1. boru gegisi Shell fluid out

First tube pass

(b)

¢ok diisiik akiskan hizlari elde edildiginde ya da ¢ok diisiik
verim elde edildiginde; ¢ok gecisli ya da birbirine baglanmis
birden fazla tek gecisli 1s1 degistirici kullanilir. En 6nemli
avantaji; 1s1 degistiricinin toplam verimini, yalniz bir geci-
sin verimine gore daha fazla arttirmasidir. Kanatgikl (Sekil-
18-a), govde-boru (Sekil-18-b) ve levhali olarak iice ayrilir.

1.6 Is1 Transfer Mekanizmalarma Gore Smiflandirma

Termal enerjiyi, 151 degistiricinin bir tarafindaki akiskandan
ara yiizeye aktarmak i¢in kullanilan temel 1s1 transfer meka-
nizmalari; tek faz konveksiyon (zorlanmis ya da dogal), iki
faz konveksiyon (zorlanmis ya da dogal konveksiyon aracili-
giyla yogusma veya buharlagma) ve birlesik konveksiyon ve
radyasyon 1s1 transfer mekanizmalaridir (Sekil-19).

E. Nadir Kagar, L. Berrin Erbay

treme length, significantly low fluid velocities or a low effec-
tiveness; multipass exchangers or several single pass in series
are employed. One of the major advantage is to increase the
exchanger overall effectiveness over the individual pass ef-
fectiveness. They can be classified as extended surface (Fig.-
18-a), shell-and-tube (Fig.-18-b) or plate exchangers.

1.6 Classification According to Heat Transfer Mechanisms

The basic heat transfer mechanisms employed for transfer
of thermal energy from the fluid on one side to the wall
are single phase convection (forced or free), two phase
convection (condensation or vaporization by forced or free
convection) and combined convection and radiation heat
transfer mechanisms (Fig.-19).

Is1 transfer mekanizmalarina gore siniflandirma

Classification according to heat transfer mechanisms

a a a 4
Tek tarafta tek faz
. konveksiyon, diger . .
Iki tarafta tek faz tarafta iki faz L o Birlesik konveksiyon
konveksivon konveksivon Iki tarafta da iki faz ve radyasyonla 1s1
) y ) y konveksiyon transferi
5 mgl'e phase Smgl'e e Two phase convection Combined convection
convection on both convection on one both sid d radiative h
sides side, two phase on both sides and radiative heat
convection on other transfer
side
- U U RN /

Sekil 19. Isi Transfer Mekanizmalarina Gére Siniflandirma
Figure 19. Classification According to Heat Transfer Mechanisms

Tek faz konveksiyon ile 1s1 transferi yapilan degistiricilere
ornek olarak otomotiv radyatorleri, yolcu kabini isiticilari,
ekonomizdrler gosterilebilir. Tki faz konveksiyona ise klima-
larin buharlagtiricilar1 6rnek verilebilir. Cok bilesenli iki faz
konveksiyon, genellikle hidrokarbonlarin damitilmasi sirasin-
da karisik buharlarin yogusmasinda goriiliir. Bunlara ek ola-
rak; fosil yakitli enerji santrali kazanlarinda radyasyon ile 1s1
transferi 6nemli bir yer tutmaktadir.

2. REKUPERATORLER iCIN TASARIM
YONTEMLERI

Is1 degistiricilerin 1s1 transferi problemini basitlestirmek ve
analiz edebilmek i¢in temel kabuller yapilir. Bu kabuller;

* Is1 degisiminin siirekli rejimde oldugu,
» Is1degistirici boyunca U toplam 1s1 gegis katsayisinin sabit
oldugu,

For example automotive radiators, passanger space heaters,
economizers are exchangers which heat is transferred by
single phase convection. Two phase convection occurs in air
conditioner evaporators. Multicomponent two phase convec-
tion occurs in condensation of mixed vapors in distillation of
hydrocarbons. Moreover, radiation heat transfer is a primary
mode in fossil-fuel power plant boilers.

2. DESIGN METHODS FOR
RECUPERATORS

To ease the heat transfer problem of heat exchangers and to
analyse it basic assumptions are made. These assumptions are
those;

* Heat transfer is always developed,
* Along heat exchanger total heat transfer coefficient is
constant,
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+ Is1 degistiricisinin ortama karsi yalitilmis oldugu, isinin
sadece iki akiskan arasinda gectigi,

+ Is1 degistirici icinde bir 1s1 liretimi olmadigi,

+ Akigkanlarin 6zgiil 1silar1 ve fiziksel 6zelliklerinin sabit
oldugu,

+ Is1 degistirici iginde belirli bir kesit boyunca akigkan si-
cakliginin ayni oldugu,

+ Is1 degistirici yiizey malzemesinde akigkanlarin hareketi
dogrultusunda iletimle bir 1s1 gegisi olmadigidir [14].

Rekiiperatorler, iki akigkanin ayirici bir duvar yardimiyla 1s1
aligverisi yaptiklari cihazlardir. Akigkanlar karigmaz ve 1s1 de-
gistiricide hareketli parca bulunmamaktadir. Rekiiperatorlerin
1s1l dizayni temel olarak ii¢ yontemle yapilmaktadir. Bunlar,
&-NTU, P-NTU ve ortalama sicaklik farki yontemleridir. Bun-
lara ek olarak grafiksel ¢oziimlerin yapildig1 yontemler bulun-
maktadir.

2.1 &-NTU Yontemi

Bu yontemde, sicak akiskandan soguk olana gerceklesen 1st
transfer miktar1 Denklem-2’ye gore hesaplanir.

g=¢C,,(1,,-T,)=¢C,, AT,,

Denklem-2’de, € boyutsuz 1s1 degistirici verimliligidir ve ge-
¢cis birimi sayisina (NTU), 1sil kapasite oranlarina (C*), akis
diizenine baglidir. €, 1s1 degistiricilerin termal performansinin
olciitiidiir ve sicak akigkandan soguk olana gergeklesen 1s1
transfer miktarinin, termodinamige gore olasit maksimum 1s1

A Design Review For Heat Exchangers

» Heat exchanger is isolated from the environment and heat
only transfers between two fluids,

* There is no heat production in heat exchanger,

* Specific heat and physical characteristics of fluids are
constant,

* In heat exchanger along a specific sequence heat of fluid
is constant,

* In the surface material of heat exchanger, there is no heat
transfer via conduction in the direction of fluid stream
[14].

Recuperators are devices in which two fluids make heat trans-
fer with the help of a separator wall. Fluids don’t mix and in
heat exchanger there is no moving component. Recuperators’
thermal design is made basically with three methods. These
are; e-NTU, P-NTU and mean temperature difference meth-
ods. Besides there methods in which graphical solutions are
made.

2.1 &-NTU Method

In this method, the amount of heat transfer from hot fluid to
cold one is calculated using Eqn.-2.

(@)
where ¢ is the dimensionless heat exchanger effectiveness and
it depends on number of transfer unit (NTU), thermal capacity
ratio (C*) and flow arrangements. € is the measurement of heat
exchangers’ thermal performance and it is the ratio of heat
transfer amount from hot fluid to cold one against thermody-

E. Nadir Kagar, L. Berrin Erbay
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Sekil 20. Paralel ve Kargi Akis igin €, C*, NTU Degigimi [1]
Figure 20. ¢, C*, NTU Change for Parallel and Counter Flow [1]
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Tablo 1. € -NTU Formiilleri [4]
Table 1. € -NTU Equations [4]

NTU — « igin €’nin asimtot

transfer miktarina oranidir (Denklem-3). namically maximum possible heat transfer amount(Eqn.-3).

e=_4 3)

qmax

Thermal capacity ratio (C"); is the ratio of the fluid which has
smaller thermal capacity to bigger one (Eqn.-4) and it is al-
ways 1 or smaller than 1. When this value is equal to one, heat
exchanger is assumed balanced.

Isil kapasite oranlar1 (C*); iki akiskandan kiigiik 1s1l kapasite-
ye sahip olaninin kapasitesinin, biiyilik olana oranidir (Denk-
lem-4) ve daima 1 veya 1’den kiigiiktiir. Bu deger 1’e esit
oldugunda 1s1 degistirici dengeli kabul edilir.
C* — Cmin (4)
C

max

Gegis birim sayis1 (NTU) ise, toplam 1s1l iletkenligin kiigtik
olan 1s1l kapasiteye oranidir (Denklem-5).

Number of transfer unit (NTU) is the ratio of total thermal
conductance to smaller thermal capacity (Eqn.-5).

UA

NTU =——
C ®)

Farkli 1s1 degistirici modelleri i¢in e-NTU formiilleri ve sinir
sartlart Tablo-1"de verilmektedir. Sekil 20°de bu parametrele-
rin, paralel ve karsi akis igin iligkileri gosterilmistir.

min
For different heat transfer models e-NTU equations and bound-
ary conditions are presented in Table-1. Fig.-20 summarizes
the relation between these parameters for parallel and counter
flow arrangements.

de karigmiyor
Crossflow, both
fluids unmixed

PO 3t e

U =

n=1

c'=1 oldugundaki genel formiille ayni
Same as general formula with C =1

Akis Diizeni c’=1 igin e-NTU formiilleri degeri

Flow €-NTU Formiilleri / e-NTU Formulas &-NTU Formulas for C =1 Aegerl totic value of £ wh
Arrangement NsTyLrlniow/c value of € when
Zit akis _ 1- exp[— NTU(] -C )] o= NTU Tiim C"“ler igiin e=1
Counterfiow 1-C" exp|- NTU(1-C)] 1+ NTU e=1 forall C

Paralel akis 1- exp[— NTU(I + C* )] _ 1 _ 1

Parallelflow &= 1+ C &= 5 [1 - exp(— NTU)] e

Karsi akis, kisi | ¢ =1 exp(~ NTU)—exp[- 1+ C*INTU Y. ¢ P,(NTU )

Tiim C"“ler i¢in e=1
e=1Ifor all C"

Karsi akis, biri
karigiyor, digeri
karigmiyor
Crossflow, one
fluid mixed,
other unmixed

Cmin karismig, Cmax karismamis / For Cpmin mixed, Cmax unmixed

e=1-expl-[1—expl- NTU - C" )|/ "}

£ =1-exp{-[l - exp(- NTU )]}

Chnin karismig
For C,,;, mixed

8:l—exp(—1/C*)

Cmax karismis, Cmin karismamis / For Cmax mixed, Cmin unmixed

&= é (1 - exp{— C"[1-exp(- NTU)]})

e=1-exp{- [l -exp(- NTU)]}

Chnax karismis
For C,,. mixed

e=l—expl-C" )’

Kars! akis, ikisi
de karig
Crossflow, both
fluids mixed

1

E=

*

1 C

1

+ -
1-exp(- NTU) ' 1—-exp(- NTU-C") NTU

1

) fi—exp- NTU)-NTU

1

*

1+C

1-2 gbvde-boru
1s1 degistirici
Govde tarafi
karigiyor.
TEMA E tipi

1-2 shell-and-
tube exchanger
shell fluid
mixed; TEMA E
shell

2

ST )+ (= ) com(2)

where T = NTU(1+C? )" coth(T/2)=(1+¢ T /(1)

2
E=——"——
2 ++/2 coth(r/2)
where T =2NTU

E=

(1+C)+(+c?)"
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Tablo 2. P-NTU Formdilleri [4]
Table 2. P-NTU Equations [4]

Akis Diizeni P-NTU formiilleri R;=1 icin degerler NTU; — « i¢in deger
Flow Arrangement P-NTU formulas Value for R;=1 Value for NTU; — o
_ 1-exp[-NTU,(I-R,)] p__NTU,
Z1t akig, simetrik L R, exp[— NTU, (1 -R, )] L NTU, P;—1 for Ri<1
Counterflow P,—1/R; for Ri>1
stream symmetric _ 1 1-R P — — i — NTU;— o, F=1
V NTU, = In , F=1 NTU, = , F=1 1 >
1-R, 1-P 1-P
1-exp[-NTU,(1+R, )] 1
R = ! ‘ P, =—[l —exp(- 2NTU
1 4R, 175 [ exp( 1)] . 1
Paralel akis, simetrik 1 1 1 1 1 1+R.
_ S R
Parallel flow NTU, = In NTU, =—In - +R,
stream symmetric 1+R, 1-A (1 +R, ) 2 1-27 NIU, —
_R+)m[0-RP)(-R)] | p_ 2R F—0
(R —)nfi- A1+ R,)] (7~ infi—2P)
Tablo 3. Isi Degistirici Parametrelerinin Degisimlerinin Etkisi [4]
Table 3.The Effect of Change of Heat Exchanger Parameters [4]
Etkilenen degiskenler
Degeri Artan Degiskenler Variables affected
Specific Variable with Increasing Value
€ NTU C* q T, T,
1, orC, 1 1 ! 1 1 1
my, or C, ! 0 i i l f
7, - - - 1 1 1
Tc,i - - - ! T 1
h,or 4, 1 1 - 1 ! i
hyor 4, f t - t ! t

&-NTU yontemi ortaya ¢ikmistir. P sicaklik farklarinin orani
alimarak hesaplanir (Denklem-7).

E. Nadir Kagar, L. Berrin Erbay

P is calculated by using the proportion of temperature differ-
ences (Eqn.-7).

T -T. T —T
E =10 Y ye/and P2 =2 "2 @)
Tz,i Ty 2i 7;,1‘

Gegis birimi sayist da, e-NTU yontemindeki gibi tanimlanir,
iki akigkan i¢in Denklem-8’deki gibidir.

Number of transfer unit is also described like the one in
&-NTU method, it is like Eqn.-8 for two fluids.

UA UA
NTU'1 =— ve/and NTU2 =— (8)
C, G,
I 1k t 1 (R . /Th l . t R R _Q_T;,i_T'Z,o Ve/and R _g_ 7—1,0_7—{,1' (9)
sil kapasite oranlari (R) ise ermal capacity ratio (R); K, c, —Tl,a 7, ) 1 —Tz T,
Buna gore/ According to these, Rl — R_’ NTUI — NTU2R2 ve / and ])1 — l)sz (10)

2
yazilabilir.

Farkli 1s1 degistirici modelleri i¢in P-NTU formiilleri Tablo-
2’de verilmektedir.

2.3 Ortalama Sicakhik Farki Yontemi

Ortalama sicaklik farki yontemi genellikle gévde-boru tip
181 degistiricilerin tasariminda kullanilir. Bu yontemde orta-
lama sicaklik farklar1 (Denklem-11) ve ortalama logaritmik
sicaklik farklar1 (Denklem-12) degerleri yoluyla hesaplanir.
Ortalama logaritmik sicaklik farklari, diizeltme faktorii kulla-
nilarak ortalama sicaklik farklarina doniistiirtiliir.

can be written.

For different heat exchanger models P-NTU equations are
presented in Table-2.

2.3 Mean Temperature Difference Method

Mean temperature difference method is generally used in the
design of shell-and-tube heat exchangers. In this method, caal-
culations are made via mean temperature differences (Eqn.-11)
and log-mean temperature differences (Eqn.-12) values. Log-
mean temperature differences are converted to mean tempera-
ture differences by using correction factor.

AT = ]-;1,1' - TL,[ = FAT;M (11)

m

LMTD = AT, =

AT - AT, (12)

Is1 degistiricinin temel parametrelerinin (sicak ve soguk akis-
kanin debi, giris sicaklig1 ve entalpisi) 1s1 degistirici degisken-
lerine etkisi Tablo 3’te goriilebilir.

2.2 P-NTU Yontemi

P-NTU yo6nteminde, sicak akigkandan soguk olana yapilan 1s1
transferi Denklem-6’ya gore hesaplanir.

q = RCAT,

Denklem-6’da P, akigkan 1 ya da 2 i¢in sicaklik verimi ola-
rak tanimlanir. € ile benzer olarak boyutsuzdur ve gegis birimi
sayisina, 1s1l kapasite oranlarina, akis diizenine baglidir. Bu
yontem e-NTU yonteminden daha 6nce kullanilmaya baslan-
migstir ve daha sonra P-NTU yonteminin bir varyanti olarak

max

The effect of heat exchanger’s basic parameters (flow rate,
entrance temperature and enthaply of hot and cold fluids) on
the parameters of heat exchanger is in Table 3.

2.2 P-NTU Method

In P-NTU method heat transfer from hot fluid to cold one is
calculated according to Eqn.-6.

In Eqn.-6 P is described as thermal effectiveness for fluid 1 or
2. It is dimensionless like € and it depends on number of trans-
fer unit, thermal capacity ratio and flow arrangement. This
method is started to be used before e-NTU method and later
as a variant of P-NTU method &-NTU method has appaired.

In(AT, / AT,)

T, and T, temperature differences change according to flow
type of heat exchanger. They are shown for counter flow
model in Eqn.-13, for parallel flow model in Eqn.-14.

T, ve T, sicaklik farklari ise, 1s1 degistiricinin akis sekline
gore degisir. Karsi akigli model i¢in Denklem-13’te, paralel
akisli model i¢in Denklem-14’te gosterilmektedir.

13
ATI=TM—T ve / and ATZZT ()

c,0 h,o T; Jg

AT =T —T AT, =T,,-T, (14

ci Ve / and

After temperature differences are calculated, transferred heat
amount is found (Eqn.-15).

g =UAAT, (15)

Sicaklik farklar1 bulunduktan sonra, transfer edilen 1s1 miktari
bulunur (Denklem-15).

Ortalama sicaklik farki, Denklem-1 ve 5 ile iligkilendirilebilir
(Denklem-16).

Mean temperature difference can be associated with Eqn.-1
and 5 (Eqn.-16).

AT,.e _AT,.B (16)

"7 NTU ~ NTU,
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Bir 1s1 degistiricinin 1s1l hesabi i¢in bu ii¢ temel yontem de
kullanilabilir. Genel olarak yontemlerin hesap hassasiyetle-
rinden kaynakli %3 civar1 fark gézlenmektedir. Akigkanlarin
girig ve cikis sicakliklart biliniyorsa ortalama sicaklik farki
yontemi, aksi durumlarda e-NTU ya da P-NTU ydntemlerin-
den biri kullanilabilir [14].

2.4 y-P ve P -P, Yontemleri

1967°de Mueller tarafindan farkli bir yontem tanimlanmis ve
1s1 degistiricideki 1s1 gegisi miktar1 buna gore hesaplanmistir
(Denklem-17).

A Design Review For Heat Exchangers

For thermal calculation of a heat exchanger, these basic three
methods can be used. Generally around 3% difference based
on methods’ calculation sensitivity is observed. If entrance
and exit temperatures of fluids are known, mean temperature
difference method, otherwise either e-NTU or P-NTU method
can be used [14].

2.4 y-P and P -P, Methods

In 1967 a different method was described by Mueller and
heat tranfer rate in heat exchanger was calculated accordingly
(Eqn.-17).

q=Udy (Thz - Tcz) a7

Denklem-17’deki y, ortalama sicaklik farkinin giris sicaklik
farkina oranidir.

AT, AT,
Y= = ve / and
T;gi - T;,i ATwmax

y’nin; P, R ,NTU, ve F’nin degisimine gore degerleri grafik-
sel olarak verilmistir (Sekil-21).

vy in Eqn.-17 is the ratio of mean temperature difference to
entrance temperature difference.

__& KR __ P
NTU NTU, NTU,

vy (18)

The values of y according to the change of P, R, NTU, and
F are shown graphically (Fig.-21).
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Figure 21. The Change of v in 1-2 TEMA E Type Shell-and-Tube Heat
Exchanger [1]
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Sekil 22. 1-2 TEMA E Tipi Gévde-Boru Isi Degigtiricinin P.-P, Degisimi [4]
Figure 22. P -P, Change of 1-2 TEMA E type Shell-And-Tube Heat Exchanger [1]

1990 yilinda Roetzel ve Spang, 1s1 degistiricilerin bircok te-
mel boyutsuz degiskenini igeren bir grafik hazirlamislardir
(Sekil-22). Bu grafigi kullanarak herhangi bir iterasyon yap-
madan kapasite ve boyut belirlemesi yapilabilmektedir.

In 1990, Roetzel and Spang prepared a graph including many
dimensionless parameters of heat exchangers (Fig.-22). Using
this graph, capacity and dimension can be identified without
iterating.

3. REJENERATORLER iGIN TASARIM
YONTEMLERI

Rejeneratorlerin tasariminda da rekiiperatorlerde oldugu gibi
benzer kabuller yapilir. Bunlar kisaca, sistemin digaridan izole
olmasi, faz degisiminin olmamasi, radyasyon etkisinin ihmal
edilebilir olmasi, disariya herhangi bir sizint1 olmamasi, kiitle
ve matris ylizeyinin homojen dagilmis olmasidir. Rejenera-
torler donen ve sabit matrisli modeller olarak yogunlasmistir
ve bu modellerin 1s1l tasariminda e-NTU ve A-IT olmak tizere
iki yontem kullanilir.

3.1 &-NTU, Yontemi

g, rekiiperatorlerin tasariminda da kullanildigi gibi 1s1l ve-
rimi temsil eder ve transfer edilen 1s1 miktarinin, miimkiin
olan maksimum 1s1 transferi miktarina oranidir. Isil verim,
NTU, (Denklem-19), C* (Denklem-20), C“(Denklem-21), ve
hA*(Denklem-22) parametrelerinin fonksiyonu olarak bulu-
nabilir.

E. Nadir Kagar, L. Berrin Erbay

3. DESIGN METHODS FOR
REGENERATORS

In the design of regenerators similar assumptions to the ones
in recuperators are made. These are, in short, isolation of the
system from the outside, no phase transition neglectable ra-
diation effect, no leakage towards outside, homogeneous dis-
tribution of mass and matrix surface. Regenerators are basi-
cally classified into rotary and fixed matrix models and in the
thermal design of these models two methods, e-NTU ve A-IT
are used.

3.1 &-NTU, Method

€ represents the thermal efficiency like in the design of recu-
perators and it is the ratio of transferred heat quantity to pos-
sible maximum heat transfer quantity. Thermal efficiency can
be calculated as the function of NTU (Eqn.-19), C*(Eqn.-20),
C.” (Eqn.-21), and hA" (Eqn.-22) parameters.

1 1
NTU, = (19)
C,..|1/(h4), +1/(hA4).
C = C (20)
-
min
o = S @1)
Cmax
T T T T T T 80 1 T T T T T 1
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Sekil 23. Isil Verimin Degisimi, a-Karsi Akis, b-Paralel Akis [1]
Figure 23. Change of Thermal Efficiency, a-Counter Flow, b-Parallel Flow [1]
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C,. tarafindaki (hA)

(hd) =

(hA) at the side C,,, (22)

C, . tarafindaki (hA)
(hA) at the side C,

Kars1 ve paralel akigl rejeneratorlerde, 1sil verimin bu para-
metrelere gore degisimi Sekil 23’te verilmistir.

3.2 A-II Yontemi

Genellikle sabit matrisli rejeneratorler i¢in bu yontem kullani-
lir. Zamandan bagimsiz, uzaklikla ilgili boyutsuz degiskenler
kullanilarak ¢6ziime ulasilir. Bu yontemde rejenerator verimi,
A, A, I1, I1 'nin fonksiyonudur (Denklem-23, 24).

In the counter and parallel flow regenerators the change of
thermal efficiency according to these parameters is shown in
Fig.-23.

3.2 A-II Method

For fixed matrix regenerators generally this method is used.
The solution is obtained by using time independent and spa-
tial dimensionless variables. In this method regenerator effi-
ciency is the function of A, A, I1,, I1 (Eqn.-23, 24).

A =bL (23)

IT=cF,

Denklem-23 ve 24’te b ve c¢ sabit sayilardir ve A boyutsuz
uzunluk, IT boyutsuz periyot olarak tanimlanmistir. Kars1 akis
ve paralel akigli rejeneratorlerin verimine, boyutsuz uzunluk
ve periyot degiskenlerinin etkisi Sekil-24’te verilmistir.

veya/or CP. @4
In Eqn.-23 and 24, b and ¢ are constant numbers and A and
IT are described as dimensionless length and dimensionless
period respectively. The effect of dimensionless length pe-
riod change to counter flow and parallel flow regenerators is
shown in Fig.-24.
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Sekil 24. A-]] Yénteminde Isil Verimin Degisimi, a-Karsi Akis, b-Paralel Akis [1]
Figure 24. Thermal Eff. Change in A-IT Method, a-Counter Flow, b-Parallel Flow [1]

4. 1S1 DEGISTIRICILERDE BASING
DUSUMU

Is1 degistiricilerde basing diisiimii ¢ekirdek (core)’teki basing
diisimii ve akis yonlendirme cihazlarindaki (yardimci ele-
manlar) olarak iki baglikta incelenir [1]. Is1 degistiricilerde
akis modeli karmagik oldugundan, basing diistimiiniin belir-
lenmesinde teorik analizlerin yani sira yaklasik ¢éziimlerden
ve deneysel bulgulardan da yararlanilir [14].

4. PRESSURE LOSS IN HEAT
EXCHANGERS

Pressure drop of heat exchangers can be examined in two part
which are core pressure drop and pressure drop in fluid dis-
tribution elements [1]. Because of flow arrangements of heat
exchangers being complicated; approximate solutions and ex-
perimental findings are used as well as theoretical analyses to
calculate pressure drop [14].

4.1 Cekirdekteki Basin¢ Diisiimii

Is1 degisim yiizeylerinin bir biriminde, akisin gectigi her bo-
liim i¢in gergeklesen basing diigiimleri toplanarak toplam ba-
sing kayb1 elde edilir (Sekil-25). Buna gore;

Ap=Ap,_, +

Sekil 25°te 2 ve 3 istasyonlari sirasiyla, birim giris ve gikisi-
n1 belirtir. 1-2 arasindaki basing diisiimii giristeki ani daral-
madan, 2-3 arasindaki basing diigiimii ise diiz boru i¢indeki
stirtiinme kayiplarindan kaynaklanir. 3-4 arasinda ise ani ge-
nislemeden dolay1 basing artig1 yagsanmaktadir. Toplam basing
kaybi Denklem-26’den hesaplanir.

E. Nadir Kagar, L. Berrin Erbay

4.1 Core Pressure Drop

Total pressure drop can be obtained by adding pressure drops

of each section of one passage of heat exchange surfaces each

other (Fig.-25).
Ap, s —Ap,, (25)
In Fig.-25, 2 and 3 locations represents passage entrance and
passage exit respectively pressure drop between 1 and 2 re-
sults from sudden contraction. Pressure drop between 2 and
3 causes from friction losses in the core, moreover there is
pressure rise between 3 and 4 due to sudden expansion. Total
pressure loss can be calculated by Eqn.-26

(Ap)i2 1

S T
|
e
i

(Ap)o.a :

1

-l

1

H

|
1

Figure 25. Core Pressure Drop at One Passage [1]
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Sekil 25. Is1 Degistirici Merkezinde Bir Gegis Basing Dusimi [1]

- 2g.p,

2

ap=-Y [(1 —o’+ KC)+2(&—
Denklem-26’da parantezi i¢indeki birinci terim girigten, ikin-
ci terim akisin hizlanmasindan (momentum etkisi), ti¢lincii te-
rim govde igindeki siirtiinmeden, dordiincii terim ise ¢ikistan
kaynaklanan basing diisiimiinii gosterir. Esas basing kaybini
olusturan, toplam basing kaybinin % 90’mna tekabiil eden ki-
sim govde i¢indeki stirtinmeden kaynaklanan {igiincii kisim-
dir. o ve G sirasiyla, minimum akig alaninin 6n alana orani ve
govde kiitle hizidir. Denklem-27"ye gore hesaplanirlar.

o Ao,Z _ Ao 3
Ao ! Ao 4

K, ve K kayip katsayilar1 ise, farkl 1s1 degistirici tipleri igin
hazirlanmis grafiklerden bulunabilir. Yuvarlak borulu cekir-
dek i¢in olan Sekil 26’da verilmistir.

L 1 P,

1+ f=p|—| -(1-0°—K )=

) s p’(pl ( ")pu] 20
First term of Eqn.-26 comes from the entrance, second term
from acceleration of stream (momentum change), third term
from frictional force in core and fourth term from exit. Big-
gest pressure loss portion which is 90% results from pressure
loss due to friction on core. ¢ and G are the ratio of minimum
flow area to front area and core mass velocity respectively.
They are calculated using Eqn.-27.

ve/and (G = _m 27
Ao 2

K, and K, can be found using graphs which are specified for
different heat exchanger types. The graph for round tube core

is given in Fig.-26.
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Son olarak Fanning siirtiinme katsayis1 f, nlimerik olarak he-
saplanabilse de, degisik boru sekilleri ig¢in hazirlanmis grafik-
lerden de bulunabilir (Sekil-27).

4.2 Yardimci Elemanlarda Basing¢ Diisiimii

Bu boliimde temel olarak akigin yon degistirmesi icin kulla-
nilan elemanlar yani dirsekler incelenecektir. Borunun egrilik
acisia gore basing disiimii Denklem-28’e gore hesaplanir.
Denklem-28’de um eksenel hizi, K| (Denklem-29) ise basing

E. Nadir Kagar, L. Berrin Erbay

4.2 Pressure Drop in Fluid Distribution Elements

In this section components which direct flow also called
bends will be examined. Pressure loss can be calculated ac-
cording to Eqn.-28 using tubes bending angle. In Eqn.-28 um
and K, (Eqn.-29) represent axial velocity and pressure loss
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Sekil 26. Giris ve Cikis KayipKatsayilar [1]
Figure 26. Entrance and Exit loss coefficient [1]
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Lastly Fanning friction coefficient f, even if it can be calcu-
lated numerically it can be obtained from graphs which are
specified for different tube geometries (Fig.-27).
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Sekil 27. Dairesel Borular Igin Stirtinme Katsayisi [1

Figure 27. Friction Coefficient for Round Tubes [1]
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diistim katsayisini belirtir. coefficient respectively.
u?
Ap =K, Dln (28)
by D
&
4L
K, =K,+K, =K, + f— @)
5 . D
h
Kb = Kb CReCdevCrough (30)
Denklem-30’daki katsayilar sirasiyla; biikiilme basing kayb1 The coefficients in Eqn.-30 are bending pressure loss coef-
katsayisi, Reynolds sayisina gore diizeltme faktorii, akis ge- ficient, correction factor due to Reynolds number, correction
lisimine gore diizeltme faktorii ve ylizey piiriizliiliigiine gore factor due to flow development and correction factor due to
diizeltme faktoriidiir. Yiizey piiriizliiliigiine gore diizeltme surface roughness. Correction factor due to surface roughness
faktorii; Sekil 27°deki piiriizlii yiizey icin bulunan siirtiinme is the ratio of rough surface friction factor to smooth surface
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Figure 28. Bending Pressure Loss Coefficient (for Re=10° ) [1]
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Sekil 29. Reynolds Sayisina Gore Duzeltme Faktord [1]
Figure 29. Correction Factor Due to Reynolds Number [1]
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Sekil 30. Akis Gelisimine Gore Diizeltme Faktori [1]
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Figure 30. Correction Factor Due to Flow Development [1]

katsayisinin, piirlizsiiz yiizey i¢in bulunan siirtiinme katsayi-
sia orantyla bulunur. Digerleri ise sirastyla Sekil-28, 29 ve
30’dan elde edilir.

Benzer sekilde kare ya da prizmatik kesitli borular i¢in de
grafikler hazirlanmistir. Bu grafikler kullanilarak basing kayb1
hesaplanabilir.

friction factor in Fig. 27. The others are obtained from Figures
28,29 and 30.

Similarly there exist graphs for square or rectangular cross-
sectioned tubes. Pressure loss can be calculated using these
graphs.

5. ISI DEGISTIRICILERDE KiRLILIK VE
KOROZYON

Kirlilik 1s1 degisim yiizeyinde istenmeyen maddelerin (kalin-
tilarin) birikmesidir. Bu kalintilar kristaller, polimerler, inor-
ganik tuzlar olabilecegi gibi korozyon sonucu ortaya ¢ikan
malzeme artiklar1 da olabilir. Korozyon ise akiskanlarin ag-
resif hareketleri sonucu ya da dis ortam ile temas sonucu ger-
¢eklesen, 1s1 transfer yiizeylerindeki mekanik bozunumdur.

5.1 Kirlilik

Ist degistiricilerde kirlilik; 1s1l performansi diisiiriir, basing
kaybini arttirir, korozyonu destekler ve sonug olarak 1s1 degis-
tiricinin kullanim dis1 kalmasini saglar. Bu sebeple etkin kont-
rolii ve miicadelesi yapilmalidir. Alt gesit kirlilik tipi bulun-
maktadir. Bunlar; ¢okelme ya da kristallesme, kati par¢aciklar
(¢oziinmezler), kimyasal reaksiyon, korozyon, biyolojik ve
donma (katilasma) sonucu kirliliktir. Biyolojik kirlenme harig
tiim ¢esitler hem s1vi hem de gaz tarafi igin gegerlidir. Biyolo-
jik kirlenme sadece siv1 tarafinda gergeklesir.

Cokelme ya da kristallesme durumu, ¢éziinmiis tuzlarin, 1s1
transfer yiizeyi iizerinde ¢6ziiniirlik limitini gegmesi sonucu
olusur. Parcaciklarla (¢ozliinmezler) kirlenme, akiskanin igin-
deki parcaciklarin 1s1 transfer yilizeyinde asili kalmasi sonu-
cu olugsmaktadir. Kimyasal reaksiyon kirlenmesi, 1s1 transfer
ylizeyinin katalizér gorevi gorerek, akiskan bilesenlerinin
kimyasal tepkimeye girmesi ve tortu olusturmasi ile gergek-
lesir. Bu tip kirlenme genellikle 1s1 degistiricinin lokal sicak
noktalarinda goriiliir. Korozyon kirlenmesinde ise, 1s1 transfer
ylizeyinin kendisi akigkan ile reaksiyona girer, bu da bir ¢esit
kimyasal reaksiyon kirlenmesidir. Biyolojik kirlenme, makro
ya da mikro organizmalarin 1s1 transfer yiizeyinde birikmesi,
o ylizeye yapigmast sonucu ger¢eklesir. Genellikle akigkani
su olan sistemlerde goriiliir. Donma ya da katilagsma kirlen-
mesi, asirt sogutulmus 1s1 transfer yiizeyinin etkisiyle, diger
taraftaki s1vi ya da gazin katilagmastyla olusur. Nemli havanin
sogutulmast siirecinde goriilebilir. Bu ¢esitlerin birden fazlasi
ayn1 anda goriildiigiinde de birlesik kirlenme adini alir.

Kirlenme siirecini etkileyen bir sebepten bahsedilemez; akis-
kanin hizi, sicaklig1, kimyasal 6zelligi bu parametrelerdendir.
Is1 degistiricinin s1v1 tarafinda kirlenmeyi etkileyen baslica
parametreler Tablo 4’te goriilmektedir.

Benzer sekilde 1s1 degistiricinin gaz tarafinda da, bazi para-
metrelerin degisimiyle, belirli kirlilik sekilleri gortiliir (Tab-
lo-5).

Is1 degistiricilerinde farkli medya ¢esitleri i¢in kirlilik faktor-
leri daha 6nce yapilan deneysel ¢alismalar sonucu elde edil-
mistir. S1v1 ve gaz tarafi i¢in drnek kirlilik faktorleri Tablo-
6’da goriilebilir.

E. Nadir Kagar, L. Berrin Erbay

5. FOULING AND CORROSION IN HEAT
EXCHANGERS

Fouling is an accumulation of undesirable material (deposits)
on heat exchanger surfaces. Undesirable material may be crys-
tals, polymers, inorganic salts as well as corrosion products.
Corrosion represents mechanical deterioration of heat exchang-
er surfaces under the agressive influence of flowing fluids and
environment in contact.

5.1 Fouling

Fouling results in a reduction in thermal performance, an in-
crease in pressure drop may promote corrosion and may re-
sult in eventual failures of some heat exchangers. Because of
this, active control and prevention must be done. There are six
types of fouling mechanisms. These are precipitation or crys-
tallization, particulate, chemical reaction, corrosion, biologi-
cal and freezing (solidification) fouling. All types of fouling
except biological one can be seen on both gas and liquid side
of exchanger. Only biological fouling can be seen on liquid
side.

Precipitation or crystallization fouling occurs by precipitation
of dissolved salts in the fluid on the heat transfer surface when
the surface concentration exceeds solubility limit. Particulate
fouling refers to the deposition of solids suspended in a fluid
on to a heat transfer surface. Chemical reaction fouling is re-
ferred to as the deposition of material produced by chemical
reactions within the process fluid at the fluid-surface interface
where surface act as a catalyst. Usually, this fouling occurs
at local hot spots in a heat exchanger. In corrosion fouling,
the heat transfer surface itself reacts with the process fluid.
Hence, corrosion fouling could be considered as a chemical
reaction fouling. Biological fouling results from the deposi-
tion, attachment and growth of macro and micro organisms
to heat transfer surface. It is generally a problem in water
streams. Freezing or solidification fouling is due to freezing
of a liquid or sublimation of gas on a subcooled heat transfer
surface. Cooling of moist air is an example of solidification
fouling. When more than one type of fouling occurs, they are
called combined fouling.

It is obvious that one can not talk about a single parameter of
fouling. There are parameters like fluid velocity, temperature
and chemical properties. Influence of operating variables on
liquid-side fouling can be seen in Table-4.

Similarly, influence of operating variable on gas-side can be
seen in Table-5. Fouling resistances for different process fluid
of heat exchangers were obtained from experimental studies.
Examples of gas and liquid side fouling resistances can be
seen in Table-6.
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Tablo 4. Sivi Tarafindaki Kirlenmeyi Etkileyen Parametreler [1]
Table 4. Influence of Operating Variables on Liquid-Side [1]

A Design Review For Heat Exchangers

Tablo 6. Sivi ve Gaz Tarafinda Kirlilik Faktérii Degerleri [1]
Table 6. Liquid and Gas Side Fouling Resistances [1]

E. Nadir Kagar, L. Berrin Erbay

Operasyon Degiskeni Cokelme Donma | Kati Parcaciklar | Kimyasal | Korozyon | Biyolojik
Operating Variable Precipitation | Freezing Particulate Chemical | Corrosion | Biological
Sicaklik / Temperature 1 ! e ™ Tl e
Hiz / Velocity Lo 11 ! 1 T 11
Asirl doyma /Supersaturation 1 1 = = = =
Bl J - 1 - 1 1
Kirlilik / Impurities - l - - - -
Konsantrasyon / Concentration 1 1 1 = = =
Yizey Puriizt / Roughness 1 1 T = T 1
Basing / Pressure > “ = 1 1 T
Oksijen / Oxygen > > = 1 1 T
Tablo 5. Gaz Tarafindaki Kirlenmeyi Etkileyen Parametreler [1]
Table 5. Influence of Operating Variables in Gas-Side [1]
Operasyon Degiskeni Kati Parcaciklar Donma Kimyasal Korozyon
Operating Variable Particulate Freezing Chemical Corrosion
Sicakhk / Temperature T ! ) T
Hiz / Velocity e ! e te
Kirlilik / Impurities - ! - -
Konsantrasyon / Concentration 1 1 = 1
Yakit-hava orani / Fuel-air ratio - 0 -
Yiizey PurGzi / Roughness 1o = = 1
Oksijjen / Oxygen > 0 =
Kakdrt / Sulfur = 1 1

Kirlilik siirecini kontrol edebilmek igin farkli yontemler kul-
lanilmaktadir. Bu yontemler, ¢evrim-i¢i ve ¢evrim-disi ola-
rak ayrilmaktadir. Cevrim-i¢i yontemlerde sistem calistigi
sirada temizleme ya da Onleme yapilabilirken, ¢evrim-dist
yontemleri uygulayabilmek icin sistemin durdurulmasi ge-
rekmektedir [2]. Kirlilikten kurtulmak ya da kirliligi engelle-
mek i¢in ylizey temizleme yontemleri uygulanir veya sisteme
cihaz ve kimyasal eklenir. Ornegin; sudaki kristallesmeyi 6n-
lemek i¢in yumusatarak mineraller tutulur, ya da akiskandaki
kat1 parcaciklar filtreleme ile ayristirilir. Bunlara ek olarak;
biyolojik kirlenmeyi engellemek igin sisteme siirekli ya da
periyodik olarak klor enjekte edilir, ayrica korozyonu engel-
lemek i¢in metal koruyucu tabaka ile kaplanir.

There are several control and prevention methods for fouling.
These methods are classified into online and offline methods.
Online methods can be applied while system is active and run-
ning. On the other hand, system must be stopped for offline
cleaning and control [2]. Surface cleaning techniques or addi-
tion of equipment or chemicals to process fluid can be applied
to prevent fouling. For example, to prevent crystallization in
water, it can be softened by precipitation of minerals. Solid
particles in fluid can be filtered mechanically. Moreover, to
prevent biological fouling chlorine can be injected to system
continuously or periodically. Surfaces can be coated to pre-
vent corrosion.

(m2.K/kW)
Operasyon sivisi "
Process fluid Hl25 R, ~TEMA
Yumusak su / Soft water 0.018 0.18-0.35
Sogutma Kulesi Suyu / Cooling tower water 0.044 0.18-0.35
Deniz suyu / Seawater 0.026 0.18-0.35
Nehir suyu / River water 0.044 0.35-0.53
Yaglayici / Lube oil 0.053 0.36
Organik gozliciler / Organic solvents 0.018-0.053 0.36
Buhar / Steam (Oil bearing) 0.009 0.18
Weierman Zink TEMA
Operasyon gazi
Process gas (1982) (1981) (1978)
il Dogal gaz 0.0881-0.528 0.176 -
Clean gas Natural gas
D 0.176-0.528 - -
ropane
poan 0.176-0.528 - -
utane
Gagz tiirbin
Gas turbine Bt
OiielEnE) ¢ Mo R 0.352-0.704 0.528 -
Average gas No.2 oil
0.264 = =
0.528 = 1.76
Kirli gaz No.6 yag ) _
Dirty gas No.6 oil 0.528-1.23 0.881
Ham petrol _ _
Crude ol 0.704-2.64
Artik yag _
Residual oil 0.881-3.52 1.76
Kémar
Coal 0.881-8.81

5.2 Korozyon

Korozyon, 1s1 transfer yiizeyinin deforme olmasi, malzeme
kaybetmesi yani bozunmasidir. Baslica tipleri; tek tip saldi-
r1, galvanik, cukurlagsma, stres ve erozyon korozyonlaridir.
Tek tip korozyon, metalin akigkanla temas eden tiim yilizeyi
boyunca kimyasal ya da elektro-kimyasal reaksiyonu sonu-
cu gergeklesir. Genelde metal ve akiskan homojen dagilimli
ise goriiliir. Bu tip disindaki diger korozyon tipleri bolgesel
(lokal) korozyon gesitleridir. Galvanik korozyonda; 1s1 degis-

5.2 Corrosion

Corrosion in an exchanger involves distraction of heat ex-
changer surfaces or loss of material. Corrosion types are as
follows: uniform attack, galvanic, pitting, stres cracking and
erosion corrosion. Uniform corrosion is a form of corrosion
caused by a chemical or electrochemical reaction between the
metal and the fluid in contact with it. It occurs when the metal
and fluid system are reasonably homogenious. All other forms
of corrosion mechanisms cause localized corrosion. Galvanic
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tirici biinyesinde bulunan elektrik potansiyeli farkli metalle-
rin, akigskani elektrolit olarak kullanmasiyla gergeklesir. Cu-
kurlagsma korozyonunda, metalin belirli bolgelerinde kiigiik
cukurlarla baglayan delikler olusur. Stres korozyonunda, ani
cekme gerilmeleri sonucu catlaklar olusur. Erozyon koroz-
yonunda ise, yiiksek hizli akiskan hareketi sonucu yiizeyden
bolgesel olarak malzeme kalkar.

Ileri korozyon kontroliine asagidaki hususlarla ulasilabilir;
+  Korozyona dayanikli, kaplanmis metal kullanilmali,
+  Korozyon engelleyici akiskan kullanilmali,

+ lyi tasarim yapilmali; yariklardan, 6lii akiskan bolgele-
rinden kag¢inilmali, akigkan hizlari optimum seviyede ve
es dagilimli olmali, cekme ve kalint1 gerilmeleri mini-
mum seviyeye indirilmeli,

*  Temiz akiskan ve metal yiizeyi saglanmali,

Malzeme olarak galvanik metaller ya da yakin metaller kulla-
nilmali ve aliminyum alasimlardan kagimilmalidir.

6. SONUG

Sonug olarak, glinliik hayatta ve endiistriyel uygularda sik-
likla kullanilan 1s1 degistiricilerin hangi parametrelere gore
simiflandirildigt incelenmis ve iki ana sinif olan rekiiperator
ve rejeneratorlerin nasil tasarlandigi goriilmiistiir. Bunlara ek
olarak; basing diigiimiiniin bircok sebepten oldugu fakat bii-
yiik bir kisminin siirtlinmeden kaynaklandigi belirlenmistir.
Ayrica, artan kirlilik oraniyla dogru orantili olarak basing dii-
stimiinlin arttig1 ve 1s1 degistirici performansinin da azaldig:
sonucuna ulagtlmigtir.

SEMBOLLER
B : Yiizey alan yogunlugu
A : Alan
\'% : Hacim
€ : Isil verim
NTU, NTU, : Gegis birimi sayist
P : Sicaklik verimi
c : Is1l kapasite orani
C. : Rejeneratdriin 1s1l kapasitesi
A : Boyutsuz uzunluk
I : Boyutsuz periyod
U : Toplam 1s1 gegis katsayist
f : Fanning siirtiinme katsayist
r, : Hidrolik yarigap (hidrolik ¢apin dortte biri)

A Design Review For Heat Exchangers

corrosion is caused by an electric potential difference between
to electrically dissimilar metals in the system in the presence
of process fluid as electrolyte. Pitting corrosion is a form of
localized autocatalytic corrosion due to pitting that results in
holes in the metal. Stress corrosion is a form of corrosion that
involves cracks on susceptible metals caused by tensile stres.
Erosion corrosion is erosion of the heat transfer surface due to
a high velocity fluid.

Increased control of corrosion may be achieved through the
followings;

e Use of corrosion resistant and clad metal materials,
e Use of fluids with corrosion inhibitors,

* Good design, avoiding crevices, stagnant fluid zones,
having uniform and optimum fluid velocities, minimizing
tensile and residual stresses,

* Maintaining clean fluids and exchanger surfaces,

Proper selection of construction metals from the point of prox-
imity in the galvanic series and avoiding aluminum alloys.

6. CONCLUSION

As a conclusion, the classification parameters of heat ex-
changers which are widely used in daily life and industrial
applications, were investigated and the design technique of
recuperator and regenerators which are two main class, was
seen. Moreover, it was identified that many parameters can
cause pressure drop, but the most effective one was friction
losses. Besides, it was come out that increasing pressure drop
and decreasing heat exchanger performance were directly
proportional with increasing fouling rates.

NOMENCLATURE
B : Heat transfer surface area density
A . Area
v : Volume
€ . Heat exchanger effectiveness

NTU, NTU. : Number of transfer unit

P : Temperature effectiveness

c . Heat capacity rate ratio

C : Heat capacity rate of a regenerator
A : Dimensionless length

I : Dimensionless period

U : Overall heat transfer coefficient

f : Fanning friction coefficient

: Hydraulic radius (a quarter of hydraulic diam-
eter)

el

g, : Orantililik katsayisi (SI sistemde 1°¢ esittir)
0, : Biikiilme agis1

C.. : Akis gelisimine gore diizeltme katsayist
Cre : Reynolds sayisina gore diizeltme katsayisi
Croven : Yiizey piiriizliligiine gore diizeltme katsayisi
u_ : Ortalama akiskan hiz1

K, : Biikiilme basing diigiim katsayist

K, : Ani daralma basing diisiim katsayisi

K, : Ani genisleme basing diisiim katsayisi
indisler

i: giris

o: Cikis

h: Sicak

c: Soguk
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g, : Proportionality constant (equal to 1 in SI units)

0, : Bending angle
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K, : Pressure drop coefficient due to bend

K, : Pressure drop coefficient due to sudden con-
traction

K, : Pressure drop coefficient due to sudden ex-
pansion

Subscripts

i: Inlet

o: Outlet

h: Hot

c: Cold

8.  On 29th May 2013, retrieved from http://www.tapiro.fi/tuot-
teet/lammonsiirtimet.html

9.  On 29th May 2013, retrieved from http://www.beca-enginee-
ring.com/LowFin.html

10.  On 29th May 2013, retrieved from http://en.wikipedia.org/
wiki/Thermal wheel

11. Kays, W. M. and London, A. L. 1984. Compact Heat Exc-
hangers, McGraw-Hill Book Co., USA.

12.  On 29th May 2013, retrieved from http://thisisecs.com/blog/

13.  On 29th May 2013, retrieved from http://www.real-world-
physics-problems.com/heat-exchanger.html

14.  Genceli, O. F. 2005. Is1 degistiricileri, Birsen Yaymevi, Is-
tanbul, Turkey.

15. Kakag, S. and Liu, H. 2002. Heat exchangers selection, ra-
ting and thermal design, CRC pres, USA.

42 Muhendis ve Makina

Miuhendis ve Makina 43

Cilt: 54
Sayi: 644



