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OZET

Iki ortam arasmnda 1s1 transfer etmek i¢in kullamlan bir 151 degistirici, 1s1 transfer hiz1 artirilarak daha
etkin olabilir. Is1 degistiricinin birim hacmindeki toplam yiizey alanin artirtlmasi 1s1 transfer hizini
iyilestirmenin yollarindan birisidir. 700 m*m? ten daha biiyiik yiizey alan yogunluguna sahip veya
6 mm’den daha kiigiik hidrolik ¢apa sahip 1s1 degistiriciler, kompakt 1s1 degistiriciler olarak adlandi-
rilmaktadir. Bu ¢alismada kompakt 1s1 degistiriciler dikkate alinmistir. Kanatli yiizey uygulamalari;
calisma basinglari ve sicakliklari, plaka kanatl 1s1 degistiriciler; kirlenme, 1s1l analiz; 1s1 transferi ve
akiskan akis1 karakteristikleri 6zetlenmistir ve kapsamli tablo ve grafikler sunulmustur.

Bu caligmanin amaci, bu alanda ¢alisan bir arastirmaciy1 yeni aragtirmalara ve tasarim {iriinlerine
tesvik etmek i¢in kompakt 1s1 degistiriciler hakkinda kapsamli bir rehber saglamaktir.
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ABSTRACT

A heat exchanger used to transfer heat between mediums can have more effective by increasing rate of
heat transfer. The increasing the total heat transfer area per unit volume of the heat exchanger is one of
the ways to get enhanced rate of heat transfer. Heat exchanger having high surface area density which
is greater than 700 m?/m? or hydraulic diameter smaller than 6 mm is called compact heat exchangers.
In this study, compact heat exchangers are considered. The finned surface arrangements; The working
pressures and temperatures and sizes of plate-fin heat exchangers; Fouling; Thermal analysis; The
heat transfer and fluid flow characteristics are summarized and comprehensive tables and graphics
are presented.

The purpose of the present study is to provide a comprehensive guide of compact heat exchangers to
encourage a researcher working in this field carry new investigations and design products.
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Kompakt Isi Degistiriciler

1. GiRIiS

ir 181 degistirici, bir ortamdan digerine 1s1 transfer et-

mek icin kullanilir. Etkin bir 1s1 degistirici 1s1 transfer

hizint artirmak icin gereklidir. Newton’un soguma
yasasi dikkate aliarak iki akiskan arasindaki 1s1 transfer hi-
zmin 1s1 transfer katsayisi, 1s1 transfer yiizey alani ve sicak-
lik farkiyla orantili oldugu agik¢a sdylenebilir. Bu 6gelerden
herhangi bir tanesi artirtlarak 1s1 transfer hizi iyilestirilebilir.
Yiizey alanmin artirilmasi uygulamada karsilagilan onemli
ve etkin bir yontemdir. Yiiksek yiizey yogunluguna sahip 1s1
degistiricileri kompakt 1s1 degistiriciler (CHXs) olarak ad-
landiriimaktadir. Kompakt 1s1 degistiriciler 1s1 transfer hizini
artirirken boyutun, agirligin ve kullanilan sogutucu akigskan
miktarinin azaltilmasi avantajlarini beraberinde getirir. Bu
calismada, kompakt 1s1 degistiricilerinde 1s1 transferinin iyi-
lestirilmesi arastirilmistir.

Kompakt 1s1 degistirici uygulamalarinin en beklenen sonucu
enerji gereksinimi ve maliyetinin azaltilmasidir. Plakali 1s1
degistiriciler, plakali kanatli 1s1 degistiriciler ve rejeneratorler
i¢in kullanilan ve B (m*m?) ile temsil edilen 1s1 transfer yilizey
alan1 yogunlugu asagida gosterildigi iizere 1s1 transfer yiizey
alani, A ve 1s1 degistirici hacmi, V ile tanimlanmistir.

4, A
=— veyalor p=—5
p=T0 vesuir B

h

Denklem 1°de yer alan h ve c indisleri sirast ile sicak ve so-
guk akigkanlar1 temsil etmektedirler. Denklem 2°de yer alan
toplam hacim, V__ terimi kanatli borulu ve govde borulu 1s1
degistiricileri i¢in kullanilmaktadir.

total Vvtotal

Gazdan siviya 1s1 degistiriciler >700 (m?/m?®) oldugu durum-
larda kompakt 1s1 degistirici olarak kabul edilmektedir. Ayrica,
hidrolik ¢ap, D, kesit alan yerine herhangi bir akiskan tarafin-
daki minimum akis alaninin (4,) kullanilmasiyla kompaktligi
tanimlamak i¢in kullanilir. D, < 6 mm oldugu durumlarda 1s1
degistirici kompakt 1s1 degistirici olarak degerlendirilir.

Shah (1981) 1s1 degistiricilerin 1s1 transfer yiizey alani yogun-
luk spektrumunu i¢in bir sekil tanimlamistir. Sekil 1°den go-
rlildiigi tizere, 1s1 transfer ylizey alani yogunlugu, B (m*m?)
ve hidrolik ¢ap, D, (mm) igin seklin alt kisminda iki 6lgek
gosterilmektedir. Sekildeki kutularda gesitli 1s1 degistirici yii-

* Makalenin Ingilizcesi yazarlari tarafindan saglanmistir:

Compact Heat Exchangers

1. INTRODUCTION®

heat exchanger is used to transfer heat between me-

diums. An effective heat exchanger is required to

get increased rate of heat transfer. By considering
the Newton’s Law of Cooling it is obviously said that the
rate of heat transfer between fluids are directly proportional
to heat transfer coefficient, heat transfer surface area and the
temperature difference. The rate of heat transfer is enhanced
by increasing one of these items. The increase of surface
area is an important and effective passive way encountered
in practice. The heat exchangers with high surface density
are called compact heat exchangers (CHXs). CHXs bring
the advantage of decreasing the size, weight and the amount
of refrigerant used as well as increased heat transfer rate. In
this study, the heat transfer enhancement is investigated by
considering the CHX.

The most expected result of the CHX applications is the re-
duced energy requirements and cost. The heat transfer sur-
face area density designated B (m%*m?) for plate HX and plate
fin exchangers and regenerators is defined by considering the
heat transfer surface area A and the heat exchanger volume V
as follows,

2 3
(m”/m’) 0

where subscrits h and ¢ indicate hot fluid side and cold fluid
side, respectively. The total volume V_total is used in case of
tube-fin and shell-and-tube exchangers as

4o (m* I m’) @)

h

A gas-to-fluid heat exchanger is assumed as a CHX if $>700
(m*m’). Also the hydraulic diameter D, is used to identify
the compactness by using the minimum free-flow area A0 on
one-fluid side instead of cross-sectional area. When D, < 6
mm, the heat exchanger is considered as CHX.

Shah (1981) has presented a figure the heat transfer surface
area density spectrum of exchanger surfaces. As it is seen
in Figure 1, there are two scales shown the heat transfer
surface area density p (m?*m?®) and the hydraulic diameter
D, (mm) in the bottom side of this figure. Several heat ex-
changer surfaces are illustrated via boxes. As the values of

zeyleri gosterilmektedir. fya da D, icin 6lgekler 6nerilirken
bu kutularin kisa dik kenarlar1 bahsedildigi gibi yiizey hali
i¢in B ya da D,'nin ylizeyini isaret ederler.

Sekil 1°de gosterilen D,, bu durumlar igin kullanilan esit ol-
mayan 1slak gevre degerleri sebebiyle meydana gelen basing
diistimii ve 1s1 transferiyle ilgili hesaplamalar i¢in fakli hesap-
lanabilir. Sekil 1’de kullanilan 6zel terimler asagidaki sekilde
kabul edilmistir.

* Diizgiin sirali gévde borulu bir 1s1 degistirici i¢in Denklem
3 dikkate alinir.
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B or D, scale are predicted, the short vertical sides of this
boxes point to the space of § or D, for the case of the surface
as mentioned.

D, presented in Figure 1 can be calculated different for the
calculations of heat transfer and pressure drop because of the
possibility of nonequal the wetted perimeter values used for
these cases. The values specific terms used in Figure 1 are ac-
cepted as follows:

* For a shell-and-tube exchanger, an inline arrangement is
considered with

X - X =188 A3)

Denklem 3’te yer alan X' ve X" terimleri boru dis ¢apinin
normaline gore enine ve boyuna tiip adimlaridir.

+ Plakali ve plaka kanatl 1s1 degistiriciler i¢in plakalar ara-
sindaki gozeneklilik, 6 =0.8333 olarak alinir.

 Bir rejenerator icin, matris yapili bir yiizeyin gozeneklilik,
o = 0.8333 olarak alinir.

Burada i¢ kisim veya matris gozenekliligi (o) bos hacmin
toplam i¢ hacme veya matris hacmine oraniyla tanimlanir ve
asagidaki sekilde hesaplanir.

where X" and X" are the transverse and longitudinal tube
pitches normalized with respect to the tube outside diameter.

* For plate and plate-fin exchangers, the porosity between
plates is taken as ¢ = 0.8333;

» For a regenerator, the porosity of matrix surface is taken as
0 =0.8333

where the core or matrix porosity (c) defined as a ratio of the
void volume to the total core or matrix volume calculated as
follows:

A gozenekli akig gecisleri i¢in for porous flow passage

fr
v

o=

4,L

Burada 4, ALV, ve L sirasiyla serbest akis alani, 6n yiiz
alani, bos ha01m ve aklskanln akis uzunlugudur. Bu degerler

“4)

Zwid_ siirekli akis gecisleri i¢in for continuous flow passage

where 4, 4 s V. and L are free flow area, frontal area, void

volume and fluid flow (core) length, respectively. Using these
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Figure 1. Heat Transfer Surface Area Density Spectrum of Exchanger Surfaces
(Shah and Seculic, 2003)
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Kompakt Isi Degistiriciler

kullamlarak, hidrolik ¢apa D, (mm) baglh olarak B (m*/m’)
asagidaki sekilde hesaplanir.

B

2. KOMPAKT ISI DEGISTIRICILER

Kompakt 1s1 degistiriciler elde etmek i¢in bir ¢ok kanatlt yii-
zey uygulamasi kullanilmaktadir. Bunlardan bazilart Sekil 2
ile gosterilmektedir. Sekil 2a’da iki akigkanli 1s1 degistirici
icin en basit ve yaygin olarak kullanilan dairesel boru demeti
gosterilmektedir. Bu diizenleme hem yiiksek hem de diisiik
yogunluklu akigkanlar i¢in kullanilmakta; fakat bu diizenle-
mede ylizey alanin1 dnemli 6lgiide artirmanin tek yolu boru-
larin caplarinin kiigiiltiilmesidir. Imalat zorluklari ve maliyeti
bu dogrultuda ¢ok biiyiik sinirlamalar getirmektedir. Boru
capt 0.06 metreden daha kiiciik 1s1 degistiricileri ¢ok nadir
bulunmaktadir.

Sekil 2b ile dairesel kanatli boru yiizeyi gosterilmektedir. Bu
diizenlemede dairesel kesitli kanatli borunun dis ylizeyine ek-
lenmigtir. Bu tip bir diizenleme genellikle gazdan siviya 1s1
degistiricilerinde optimum tasarimin gaz tarafinda ihtiyag du-
yulmast durumunda kullanilmaktadir. Herhangi bir optimum
tasarimda yiiksek yogunluklu akiskanin diisiik siirtiinme giicti
gereksinimiyle birlikte yliksek 1s1 iletimine sahip olmast yiik-
sek 1s1 transfer hiziyla sonuglanir. Kanatlar kullanildiginda,
kanatlar boyunca yiiksek bir 1s1 transferi meydana gelmelidir.
Ancak kazanilan bu ekstra ylizey alanin avantajinin tamamini
veya biiylik bir kismini iletim direnci yok edebilir.

Sekil 2¢’de borular yassi olarak gosterilmektedir; fakat daire-
sel de olabilmektedir.

Gazdan gaza kompakt 1s1 degistiricilerinde, yiiksek alan yo-
gunlugu her iki akigkan tarafi i¢in de tercih edilir. Sekil 2d ve
Sekil 2e ile bu amaca ulagsmak icin plakali kanatli diizenleme-
ler kullanilarak elde edilen 1s1 degistiriciler gdsterilmektedir.
Is1 degistirici bir sandvi¢ gibi plakalarin kanatlara baglanma-
styla imal edilmistir. iki akiskan plakalar arasindaki alternatif
yollardan taginir ve ek bir esneklik derecesi saglayacak sekil-
de karsit akigli veya capraz akisl olarak diizenlenebilir. Sekil
2¢ ile baska bir kanat-boru diizenlemesi gosterilmektedir. Bu
diizenlemede, kanatlarin siirekli devam etmesi yerine 1s1 tasi-
nimini degistirmek i¢in kanatlar kesilmistir.

Sekil 2f ile kompakt bir matris diizenlemesi gosterilmektedir.
Bu yap1 kat1 gubuklar veya tel ekranlarin y1gilmasiyla yapila-
bilir. Matrisler plaka ve kanat yiginlarin veya basitce toplan-
mis boru demetleri kullanilarakta diizenlenebilirler. Bir¢ok
matris cam seramik malzeme kullanilarak imal edilmektedir.
(Kays and London, 1998).

Bir kompakt 1s1 degistirici elde etmek igin yiiksek yiizey alan

3333
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values, B (m*m’*) depending on D, (mm) are calculated as

i ®)

h

2. COMPACT HEAT EXCHANGERS

There are many finned surface arrangements used to get
compact heat exchangers. Some of them are given in Figure 2.
In Figure 2a simplest and most common surface arrangement
for a two-fluid heat exchanger is the circular tube bundle shown.
This arrangement, of course, has long been used for both high-
and low-density fluids, but the only way in which surface
area density can be substantially increased is to decrease the
diameter of the tubes. Fabrication difficulties and cost place
a rather severe limitation on what can be accomplished in this
direction, and large heat exchangers with tube diameters of less
than 0.006 m are rare.

Figure 2b shows a finned circular tube surface. In this arrange-
ment circular fins have been attached to the outside of circular
tubes. Such an arrangement is frequently used in gas to liquid
heat exchangers where optimum design demands a maximum
of surface area on the gas side. The low friction -power require-
ment characteristic of high- density fluids, together with the
relatively high thermal conductivity of liquids, results in high
convection heat transfer rates in any optimum design. If fins are
employed, the high heat transfer rates must be conducted along
the fins, and the conduction resistance may destroy all or most
of the advantage of the extra surface area gained.

In Fig.2c, the tubes are illustrated as flat, but they can also be
circular.

In compact gas to gas heat exchangers, large area density is
desirable on both fluid sides, and a method for accomplishing
this objective with fins is illustrated by the plate fin arrange-
ment of Fig. 2d and Fig. 2e. The heat exchanger is built up as
a sandwich of flat plates bonded to interconnecting fins. The
two fluids are carried between alternate pairs of plates and can
be arranged in either counter flow or crossflow, which provides
an added degree of flexibility in this arrangement. Figure 2e il-
lustrates another finned-tube arrangement. In this arrangement,
the fins can be interrupted rather than continuous, an arrange-
ment which alters the basic convection heat transfer.

Figure 2f illustrates one such compact matrix. This construc-
tion could be built up of stacks of solid rods or stacks of wire
screens. Matrices can also be constructed using stacks of plates
and fins or simply packed bundles of tubes. Some of the most
common matrices are made using glass ceramic materials
(Kays and London, 1998).

To get a CHX with high surface area density fins are used

L. Berrin Erbay, Nihal Ugurlubilek, Ozge Altun, Bahadir Dogan

Sekil 2. Kompakt Isi Degistirici Yiizeylerine Ait Bazi Tipik Ornekler; (a) dairesel boru demeti; (b) kanath dairesel boru;(c) plaka kanat ve yass|
boru diizenlemesi;(d) licgen kanatli diizenleme;(e) kaydinimis serit kanatli diizenleme; (f) tel érgiili diizenleme (Kays ve London, 1998)

Figure 2. Some Typical Examples of Compact Heat Exchanger Surfaces; (a) the circular tube bundle; (b) finned circular tube surface; (c) the
plate fin and flat tube arrangement; (d) triangular finned arrangement; (e) offset strip finned tube arrangement, (f) compact matrix (Kays and
London, 1998)

(d)

Sekil 3. Plaka Kanatli Isi Degistiriciler igin Oluklu Kanat Geometrileri; (a) Diiz Uggen Kanat; (b) Diiz Dikdértgen Kanat; (c) Dalgali Kanat (d)
Kaydirimis Serit Kanat; (e) Panjurlu Kanat; (f) Delikli Kanat. (Shah ve Seculic, 2003)

Figure 3. Corrugated Fin Geometries For Plate-Fin Heat Exchangers; (a) Plain Triangular Fin; (b) Plain Rectangularfin; (c) Wavy Fin; (d)
Offset Strip Fin; (e) Multilouvered Fin; (f) Perforated Fin. (Shah and Seculic, 2003)
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yogunluguna sahip kanatlar miimkiin oldugunca sik bir sekilde
kullanilmaktadir. Sekil 3 ile genellikle kullanilan kompakt 1s1
degistirici geometrileri plaka kanatlar, panjurlu kanatlar, dal-
gali kanatlar, pin kanatlar ve oluklu kanatlar gosterilmektedir.

Piring kanatli bakir borulardan iiretilen plaka kanatli 1s1 degis-
tiriciler 1910 y1lindan beri otomobil endiistrisinde {iretilmek-
tedir. Bu 1s1 degistiriciler 1940’lardan beri havacilik endiist-
risinde ve 1950’lerden beri gaz sivilagtirma uygulamalarinda
kullanilmak {izere aliiminyumdan iiretilmistir.

Plaka kanatlarin profilleri asagidaki sekilde siniflandirilmistir.

« diiz iiggen veya dikdortgen kanatlar gibi diiz ve dik kanat-
lar

+ diiz ve dalgal1 (ana akigkan akimi yoniinde) kanatlar

* sasirtmali, panjurlu, delikli ve igne kanatlar gibi kesintili

kanatlar

Endiistride kesintili kanatlar diiz kanatlara gore daha verimli
olduklarindan tasarim kisitlamalart izin verdigi siirece her za-
man kullanilmaktadir.

2.1 Pratikteki Uygulama Alanlari

Plaka kanathi 1s1 degistiricilerin genellikle kullanildiklar
alanlar agagida siralanmigtir.

+ Elektronik gii¢ santralleri (gaz tiirbini, buhar, niikleer, yakit
pili, vd.),
» Tepkili gii¢ ¢evrimleri (otomobil, kamyon, ugak, vd.),

e Termodinamik ¢evrimli sistemler (1s1 pompasi, sogutma
sistemleri, vd.),

 Elektronik,

+ Kriyojenik,

* Gaz sivilastirma,
+ Iklimlendirme,

e Atik 1s1 kazanim sistemleri.

2.2 Plaka Kanath Is1 Degistiricilerin Caliysma Basinglari

Plaka kanatli 1s1 degistiriciler 8300 kPa ¢alisma basinca kadar
ticari olarak mevcut bulunmasina ragmen, bunlar genellikle
700 kPa'dan daha kiigiik ¢aligma basinglari i¢in tasarlamigtir.
Son zamanlarda, ¢aligan akigkan olarak karbondioksit kulla-
nan bir kondenser 14 MPa ¢aligma basincina sahip bir otomo-
bil klimast igin gelistirilmistir. Siiper elastik deformasyon ve
diflizyon ile iiretilen titanyumdan imal edilmis plaka kanatl
1s1 degistiriciler 35 MPa ve iizeri ¢calisma basinglarini sagla-
yabilmektedir.

2.3 Plaka Kanath Is1 Degistiricilerin Cahisma Sicakhklar:

Plaka kanathi 1s1 degistiricinin cidar sicaklii, birlestirme

Compact Heat Exchangers

extensively as dense as possible. Within the common surface
arrangements of CHXs such geometries as plate fins; lou-
vered fins; strip fins; wavy fins; pin fins; and perforated fins
have been distinguished as given in Figure 3.

Plate-fin heat exchangers manufactured as copper fin—brass
tubes have been produced in the automotive industry since
1910s, they have been made of aluminum in the aerospace
industry since 1940s and in the gas liquefaction applications
since the 1950s.

The profiles of plate fins are classified as

+ plain and straight fins such as plain triangular and rectan-
gular fins,

* plain and wavy (in the main fluid flow direction) fins,
 interrupted fins such as offset strip, louver, perforated, and
pin fins.

The several interrupted fins are used in industry all the time
allowed by the design constraints because they are more ef-
ficiently than plain fins.

2.1 Applications in Practice
Plate-fin exchangers are considerably used in

* electric power plants (gas turbine, steam, nuclear, fuel cell,
etc.),

» propulsive power plants (automobile, truck, airplane, etc.),

+ the systems with thermodynamic cycles (heat pump, re-
frigeration, etc.),

¢ electronic,

* cryogenic,

+ gas-liquefaction,

* air-conditioning,

+ waste heat recovery systems.

2.2 The Working Pressures of Plate Fin Heat Exchangers

Despite the fact that plate-fin exchangers are available com-
mercially for working pressures up to about 8300 kPa they are
usually intended for medium working pressures having less
than about 700 kPa. Recently, a condenser used carbon diox-
ide as the working fluid has been enhanced for operating pres-
sures of 14 MPa for an automotive air-conditioning system.
The plate-fin exchanger made from titanium manufactured by
superelastic deformation and diffusion bonding can provide
the working pressure having 35 MPa and higher.

2.3 The Working Temperatures of Plate Fin Heat Exchangers

The boundary of temperature for plate-fin exchangers can al-

yontemine ve malzemeye bagli olarak degisebilir. Malzeme
olarak metaller (840 °C sicakliga kadar) ve tepe sicakligi
1370 °C olan seramikler (1150 °C sicakliga kadar) kullanilir.
50 °C calisma sicakligr limiti olan Japon kagidi (higrosko-
pik) On 1sitma veya 6n sogutma gibi havalandirma uygula-
malarinda kullanilan plaka kanatli 1s1 degistirici imalatinda
kullanilmaktadir.

2.4 Plaka Kanatlarin Biiyiikliikleri

5900 m?*/m? yiizey alan yogunluguna sahip olan plaka kanatl
1s1 degistiriciler iiretilebilmektedir. Tipik kanat yogunluklar
120 ile 700 kanat/m arasinda olmasina ragmen, kanat yogun-
lugu 2100 kanat/m olan bazi tasarimlar da mevcuttur. Kanat
kalinliklar1 0.05 ile 0.25 mm arasinda secilmektedir. Kanat
ylkseklikleri 2 ile 25 mm arasinda alinmaktadir.

3. KOMPAKT ISI DEGISTIRICILERDE
KiRLENME

Kompakt 1s1 degistiricilerde akis gecislerinin kiigiik bir hidro-
lik gaptan (D, ) olmas1 kirlenme probleminin bir gostergesidir.
Zorlu temizlik sorunu nedeniyle sadece temiz ve paslanmaz
bir akiskan akisina izin verilebilir. Ozel mekanik bir yontem
veya kimyasal bir temizleme yontemi kullanilabilir. Diger bir
onemli uygulama diisiik hidrolik capa sahip bir¢cok akiskan
gecisinin oldugu durumlar i¢in iniform bir akis dagilim1 sag-
lamaktir.

Kirlenme bir 1s1 degistiricinin biitiin tasarimini 6nemli de-
recede etkileyebilir ve 1s1 degistiricinin imalati icin gerekli
malzeme miktarini belirleyebilir. Sonu¢ olarak kirlenme,
baslangic maliyetini, caligma maliyetini ve 1s1 degistirici
performansini1 dogrudan etkileyerek biiyliik bir ekonomik
kayba neden olur.

Kakac ve Liu (2002) kirlenme problemlerini asagida oldugu
gibi agiklamiglardir.

Kirlenme 1s1 transferini azaltarak ve basing diisiimiinii tetikle-
yerek 1s1 degistirici etkenligini azaltmaktadir.

Bir 1s1 degistiricinin 1s1l analizi enerjinin korunumuyla he-
saplanir. Sicak akiskandan atilan 1s1 soguk akiskan tarafindan
kazanilan 1s1ya esittir. Is1 transfer hizi 1s1 degistirici geometrisi
ve akis parametreleriyle ilgilidir.

L. Berrin Erbay, Nihal Ugurlubilek, Ozge Altun, Bahadir Dogan

tered according to the bonding method and the materials used.
The metals (for temperatures up to about 840 °C) and ceramic
having the peak temperature of 1370 °C (for temperatures up to
about 1150 °C) are used as the materials. Japanese treated (hy-
groscopic) paper having the operating temperature limit of 50 °C
is used to manufacture the plate-fin exchanger used in ventilation
applications such as preheating or precooling of incoming air.

2.4 Sizes of Plate-Fins

Plate fin exchangers having the surface area density up to
5900 m*m? can be produced. Although typical fin densities
are 120 to 700 fins/m (3 to 18 fins/in.), some designs having
2100 fins/m also available. Fin thickness is chosen between
0.05-0.25 mm. Fin heights are taken between 2 — 25 mm.

3. FOULING IN COMPACT HEAT
EXCHANGERS

In a CHX the flow passages with low Dh is an indication of se-
rious fouling problem. Due to the challenging cleaning prob-
lem, one can allow the flow of fluid of clean and noncorrosive
only. Special mechanical or most probably chemical cleaning
can be used. Another important operating consideration is to
enable uniform flow distribution since there is a number of a
flow passage of low D,.

Fouling may significantly influence the overall design of a
heat exchanger and may determine the amount of material
employed for construction. Consequently, fouling causes an
enormous economic loss as it directly impacts the initial cost,
operating cost, and heat exchanger performance.

Kakac and Liu (2002) have explained the fouling problem as
follows:

Fouling reduces the effectiveness of a heat exchanger by re-
ducing the heat transfer and by affecting the pressure drop.

Thermal analysis of a heat exchanger is governed by the con-
servation of energy in that the heat release by the hot fluid
stream equals the heat gain by the cold fluid. The heat transfer
rate is related to the exchanger geometry and flow parameters
as,

0=UAAT, ©)

Denklemde yer alan U terimi 1s1 degistiricinin dis yiizeyin-
de meydana gelen 1s1 transferi dikkate alinarak belirlenmistir.
Toplam 1s1 transfer katsayisini temiz ylizeyler i¢in (U, ) ve kir-
li ylizeyler i¢in (U ) ayirt etmek Onemlidir.

where U is based on the outside heat transfer surface area of
the exchanger. It is important to distinguish between overall
heat transfer coefficient for clean (U, ) and fouled surface

).
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U, , temiz yiizeyin toplam 1s1 transfer katsayisiyla ilgili ola- U, can be related to the clean surface overall heat transfer
bilir, coefficient as,
1 1

1t
f UC

Denklemde yer alan R . terimi kirlenme direncidir. Where R, is the total fouling resistance,

AR ®)

Kirlenme oldugu durumda toplam 1s1 transfer hizi, The heat transfer rate under fouled conditions,

Q=U,A,AT,, ©)

seklindedir ve denklemde yer alan f indisi kirlenme oldugu
durumu ifade etmektedir. islem kosullar1 genellikle 1s1 trans-
ferini ve akiskan sicakligini belirli bir degerde tutmaktadir.
Ornek olarak Q=0 ,veAT =AT, .Bu sartlar altinda, Denk-
lem (7), (8) ve (9)

where the subscript f refers to the fouled conditions. Process
conditions usually set the heat duty and fluid temperatures
at specified values, i.e., 0=0, and AT, AT, Under these
conditions, Equations (7), (8) and (9) show that

stirekli ¢alisma saglamak i¢in ikinci bir 1s1 degistirici gereke-
bilir. Titanyum, paslanmaz ¢elik veya grafit gibi yiiksek mali-
yetli malzemeler belirli kirlenme kosullarinda gerekli olabilir.
Temizlik araglari on-line temizlik igin gerekli olabilir. Tiim
bunlar sermaye harcamalarini artirmaya katkisi olan kalem-
lerdir (Kakag, Liu 2002).

4. KOMPAKT ISI DEGISTiRICILERDE ISl
TRANSFERI VE BASING DUSUMU

Kompakt 1s1 degistiricilerinin geometrik ve caligma paramet-
relerinin arasinda lineer olmayan iligkiler vardir. Bu nedenle
boyutsuz 1s1 transferi ve akiskan parametreleri dikkate alin-
maktadir. Kompakt yiizeyler yiiksek pompalama giicii gerek-
sinimi manasina gelen yiiksek basing diigiimiine sebep olurlar.

Boyutsuz 1s1 transferi ve basing diisiimii karakteristigi
Colburn-j ve Stanton sayisiyla tanimlanmasi tercih edilir.
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continuous operation while a fouled heat exchanger is
cleaned. High cost materials such as titanium, stainless steel,
or graphite may be required for certain fouling situations.
Cleaning equipment may be required for on-line cleaning. All
of these items contribute to increasing the capital expenditure
(Kakag, Liu 2002).

4. HEAT TRANSFER AND PRESSURE
DROP IN COMPACT HEAT
EXCHANGERS

There are nonlinear relations between the geometrical and
operating parameters of the CHX. Therefore dimensionless
heat transfer and fluid flow parameters are considered. The
compact surface yields important pressure drop that means
high pumping power requirement.

The dimensionless heat transfer and pressure drop characteris-
tics are preferred to be given in terms of Colburn j-factor and
Stanton number.

Af
7:1+Ucht

4

oldugunu gosterir. Denklemde yer alan 4, terimi 1s1 degisti-
ricinin temiz kalmasi durumunda gerekli olan yiizey alani-
dir. Denklemde (10) yer alan U, R, terimi 1s1 degistiricinin
kirlenmesinden dolay1 gerekli olan ek yiizey alanini temsil
etmektedir.

Basit bir gosterimle, dairesel bir borunun i¢ ve dis yiizeylerin-
deki kirlenme Denklem 11 ile tanimlanabilir. Kirlenmenin 1s1

(10)

where 4_is the required surface area if the heat exchanger re-
mains clean. U R » in Eq. (10) represents the additional surface
area required because of fouling of the heat exchanger.

A simple visualization of fouling depicts fouling buildup on
the inside and outside of a circular tube. It is evident that foul-
ing adds an insulating layer to the heat transfer surface. For a

Nu

. 23
J=———7=5tPr (12)
Re- Pr
h-Dy  where Nusselt numb
Denklemde yer alan Nusselt sayist Nu= P where INussetlt number, (13)
h (14)
ve Stanton sayisl, St = G and Stanton number,

P

plain tubular heat exchanger, the overall heat transfer coeffi-
cient based on the outer surface area under fouled conditions,
U,, can be obtained by adding the inside and outside thermal

transfer ylizeyine bir yalitim tabakasi ekleyecegi agiktir. Diiz
borulu bir 1s1 degistirici igin kirlenme sartlart altinda dis yii-
zey alanina bagli olarak tanimlanmis toplam 1s1 transfer kat-

sayist, U, i¢ ve dis 1s1l direngler eklenerek asagidaki sekilde resistance.
elde edilebilir.
U = 1
£ A A A In(d, /d,) 1 (11)
O TR P R
Ah A 271k h

1 [

Is1 transfer ekipmanlarimin kirlenmesi sanayi sektorii i¢in ek
bir maliyet getirmistir. Buradan yola ¢ikarak ek maliyetler
asagida siralanmustir.

Fouling of heat transfer equipment introduces an additional
cost to the industrial sector. The added cost is in the form of

a) increased capital expenditure,

a) artan sermaye harcamalari, b) increased maintenance cost,

b) artan bakim maliyeti, ¢) loss of production,

¢) liretimin azalmasi, d) energy losses.

d) enerji kayiplar, In order to compensate for fouling the heat transfer area of

a heat exchanger is increased. Pumps and fans are oversized
to compensate for over-surfacing and the increased pressure
drop resulting from a reduction in the floe area. Duplicate
heat exchangers may have to be installed in order to ensure

Kirlenmeyi telafi etmek igin 1s1 degistiricinin 1s1 transfer yii-
zey alani artirilmaktadir. Pompalar ve fanlar yilizey artirimi
icin uygun degildir ve akig alanindaki bir azalma basing dii-
stimiinii artirmaktadir. Kirlenen 1s1 degistirici temizlenirken

Boylece 1s1 tasinim katsayisi £, kiitlesel hiz G ile boyutsuzlas-
tirtlmigtir. Sabit kiitlesel hiz i¢in j sayist h ile dogru orantilidir.

Tek taraf igin belirtilen 1s1 yiikii, Q duvar direncinin ve yiizey
veriminin 1s1 taginim katsayisina (/) etkisi ihmal edilerek asa-
gidaki sekilde hesaplanir.

Thus h is non-dimensionalised in terms of the mass velocity
G: for a fixed G, j is proportional to h.

For a single side, a specified heat load, Q is given by the heat
transfer and rate equations, neglecting for convenience the in-
fluences of wall resistance and surface efficiency on 4.

Q= hAAT = mC,(T,~T) (15)

Denklem (2) kullanilarak Denklem (15) yeniden diizenlen-
diginde;

4oV

The first part of equation (15) can be written, using equation

2

)= h——AT
0 D (16)

Boylece belirtilen 1s1 yiikiiniin (Q) elde edilmesi igin hacim
(V) azaltildiginda h/d, oranm artirilmasi gerekmektedir. Bura-
da tercih 1s1 tasinim katsayisinin (%) artirtlmasi veya hidrolik
capm (D, ) kiigiiltilmesi, kompakthigin artirilmasi veya her
ikisi olabilir.

Basing diistimii 1s1 degistiricinin sekli ve boyutu i¢in 6nemli bir

h

Thus for a specified heat load Q, to reduce the volume V
means that we must increase the ratio 4/d,. The choice there-
fore is to increase heat transfer coefficient h or to decrease
hydraulic diameter D, , increase compactness, or both.

The pressure drop is a significant factor in the shape and size
of exchangers. Neglecting, for many practical exchangers, the
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faktordiir. Nispeten kiigiik olan giris ve ¢ikis kayiplarinin ve
akis hizlanmasinin ihmal edilmesiyle bir yiizey boyunca akis-
kanin basing diistimii, AP asagidaki sekilde tanimlanmaktadir.

Compact Heat Exchangers

relatively small contributions of entry and exit losses and flow
acceleration, the pressure drop AP of fluid through a surface
is given by

1 4L
AP = —pu’ — 17
S pu th (17)

Denklemde yer alan f'terimi Fanning siirtiinme faktoriidiir.

Ortalama akis hiz1 olan u terimi, kiitlesel debi ile iligkilendiri-
rek Denklem (18) elde edilir.

f being the Fanning friction factor.

Relating the mean velocity u to the mass flow rate, we have

20-AP . 4L

2
m

Simdi kiitlesel debi denkleminde Denklem (12) ve (18) kul-
lanilarak 1s1 ve basing diisiimii ifadeleri birlestirilebilir ( Lon-
don 1983).

waA (18)

c

We can now combine the thermal and pressure drop require-
ments in the core mass velocity equation, after London (1983),
which can now be derived from equation (12) and (18)

2p-AP _ Pr°N (19)
=/
m Jj-A
2 .
ve G = J / f and (20)
2p-AP Pr’°N

Pr, N, p ve AP terimlerinin verildigi durumlarda G teriminin
sadece j/f oranin bir fonksiyonu oldugu agik¢a ortadadir. Bu-
rada daha 6nemli olan G teriminin yilizeyin hidrolik ¢apin-
dan bagimsiz olmasidir. London (1983) tarafindan belirtildigi
gibi, j/f cogu kompak yiizeyler i¢in 0.2 ile 0.3 mertebesindeki
Reynolds sayisinin yalnizca zay1f bir fonksiyonudur. Boylece
G dolayisiyla akig alani tasarim 6zelliklerinden yaklagik ola-
rak tahmin edilebilir (Hesselgreaves, 2001).

Kanatli boru demeti tizerinden akista toplam basing diigiimii
ve giris ve ¢ikis basing farki Kays ve London tarafindan asa-
gidaki sekilde verilmistir.

For given conditions of Px, N, p and AP, it is clear that G is
only a function of j/f, and most important is independent of
hydraulic diameter of the surface. As pointed out by London
(1983), j/fis only a weak function of Reynolds number, being
of the order of 0.2 to 0.3 for most compact surfaces. Thus G,
and hence flow area, can be closely estimated from the design
specification (Hesselgreaves, 2001).

For flow normal to finned-tube banks, the total pressure drop,
the difference between the pressures at the inlet and outlet, is
given by Kays and London,

G| 4 p, :
A | @1
2pi Amin o
Denklemde yer alan o ve 4,/ A4,,, terimleri asagida verildigi where
gibidir.
- minimum serbest akis alanv/minimum free flow area (22)
0= 4, N on yiiz alany/fiontal area
At 4L toplam 1s1 transfer alani/total heat transfer area (23)
A Fh h minimum akis orany/minimum flow rate

G
A

Bu denklemde, p giris ve ¢ikig sicakliklarmin ortalamasina
gore belirlenmis ortalama yogunluktur veya akiskanin giris ve
¢ikis 6zgiil hacim ortalamasiyla da hesaplanabilir.
1
p 2

Plaka kanatli bir 1s1 degistirici tizerinden akis i¢in toplam ba-
sin¢ diistimii Kays ve London tarafindan asagidaki sekilde

verilmistir.
2

ap=9_ (kc+1—02)+2(&—
2p, p

i o

Parantez icerisindeki ilk terim girig etkisini, ikinci terim akis
hizlanma etkisini, ligiincii terim siirtiinmeyi ve son terim ¢ikis
etkisini gostermektedir.

5. SONUCLAR

Enerji verimliligi ¢evre ve iklim kosullari nedeniyle hayati
onem kazanmaktadir. Etkin bir 1s1l sistemin pargasi olan kom-
pakt 1s1 degistiriciler, yenilikg¢i sistem tasariminda tercih edil-
mektedir. Bu ¢alismada, kompakt 1s1 degistiricilerin kapsaml
bir agiklamasi 6zetlenmistir. Kanatli yiizey uygulamalari; ¢a-
ligsma basinglari ve sicakliklari, plaka kanatli 1s1 degistiriciler;
kirlenme, 1s1l analiz; 1s1 transferi ve akigskan akis1 karakteris-
tikleri, bu alanda calisan arastirmacilari yeni arastirmalar ve
tasarimlar yapmaya tesvik etmek i¢in sunulmustur.

SEMBOLLER
B Isitransfer ylizey alan1 yogunlugu, [m?/m?]
A TIsttransfer yiizey alan1 [m?]
V' Isi degistirici hacmi
6 Bos hacmin toplam i¢ hacme veya matris hacmine orani
D, Hidrolik ¢ap [mm]
G Kiitlesel hiz
h  Isi tagimim katsayist [W/m?K]
j  Colburn sayist
k  Istiletim katsayis1 [W/mK]
L  Akiskanm akis uzunlugu
m  Kiitlesel debi [kg/s]
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_ oncAfr _ pU.,

5 (24)

n

In this equation, p is the average density evaluated at the aver-
age temperature between the inlet and outlet, or it can also be
estimated by averaging the fluid-specific volume between the
| in%ej and outlet as

_+_

Pi P (25)

The total pressure drop for flow across the plate-fin heat ex-
changer is given Kays and London,

1J+ rAP g —ony R
min p po (26)

The first term inside the bracket shows the entrance effect, the
second term shows the flow acceleration effect, the third term
shows the core friction, and last term represents the exit effect.

5. CONCLUSIONS

The energy efficiency has gained a vital importance due to
the environmental and climatic conditions. The compact heat
exchangers being a part of an efficient thermal system are
preferred in the innovative system designs. In this study, the
comprehensive explanation of compact heat exchangers has been
summarized. The finned surface arrangements; The working
pressures and temperatures, sizes of plate-fin heat exchangers;
Fouling; Thermal analysis; The heat transfer and fluid flow
characteristics are presented to encourage a researcher working
in this field carry new investigations and design products.

NOMENCLATURES

Heat transfer surface area density, [m%/m?]

Heat transfer surface area [m?]

N A ™

Heat exchanger volume [m?]
The core or matrix porosity

Hydraulic diameter [mm]

B

Mass velocity

= o o a

Heat transfer coefficient [W/m?K]

Colburn factor

~

Thermal conductivity [W/mK]
L Fluid flow (core) length [mm]
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Nu Nusselt sayis1
Pr Prandtl sayisi
AP Basing diisiimii

Q  [Is1 transfer miktar1 [W]

R, Kirlenme direnci [m’K/W]
St Stanton sayist
u  Ortalama akis hiz1
U Toplam 1s1 transfer katsayisi [m*K/W]
U, Temiz yiizeyler igin toplam 1s1 transfer katsayist
U, Kirli yiizeyler i¢in toplam 1s1 transfer katsaysi
X" Enine tiip adimi
X" Boyuna tiip adim1
p  Yogunluk [kg/m?]
Alt indisler:
h  sicak
¢ soguk
serbest akis
kirlenme
fr  Onyliz

min minimum

t  toplam
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Compact Heat Exchangers

m Mass flow rate [kg/s]
Nu  Nusselt number

Pr Prandtl number

AP Pressure drop

Q Heat transfer rate [W]

Rﬁ Total fouling resistance [m’K/W]

St Stanton number

u Mean velocity

U Overall heat transfer coefficient [m?K/W]

U, Overall heat transfer coefficient for clean surface
Uf Overall heat transfer coefficient for fouled surface
X" The transverse tube pitch

X" Longitudinal tube pitch

p Density [kg/m?]

Subscripts:

h hot

c cold

0 free flow

fr frontal

min  minimum
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