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OZET

Bu ¢aligmada, kanatli borulu bir 1s1 degistiricisinde, tasarim parametrelerinin kapasite tizerindeki et-
kisi incelenmistir. Ayrica, yeni bir performans analizi yontemi olan ve Friterm tarafindan gelistirilen
‘adim adim hesaplama’ yontemi sunulmustur.

Calisma sonucunda test verilerinin ‘adim adim hesaplama’ yontemini dogruladigi gortilmiistiir.
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ABSTRACT

In this paper, effects of geometric parameters on fin and tube heat exchangers performance are revie-
wed. In addition, new performance analysis method developed by Friterm, which is called ‘Step-by-
Step,’ is presented.

As a result, new experimental findings about ‘Step-by-Step’ confirm the respective method.
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Kanath Borulu Isi Degistiricileri

1. GiRIiS

irden fazla akigkan1 birbirinden kat1 bir katmanla ayira-
Brak akigkanlar arasinda 1s1 gegisi gergeklestirmek icin

kullanilan yapilara 1s1 degistiricisi denir. Is1 degistirici-
leri kendi aralarinda kovan borulu 1s1 degistiricileri, rejeneratif
11 degistiricileri, kanatli borulu 1s1 degistiricileri vb. birgok tiire
ayrilmigtir. Kanatli borulu 1s1 degistiricileri kullanim alanlarimin
genisligi ve kompaktlig1 bakimindan 1s1 degistiricisi tiirleri igin-
de 6nemli bir yer tutmaktadur.

Kanatli borulu 1s1 degistiricileri 1s1 geg¢is alanini artirmak ama-
cryla ¢ok sayida kanattan ve diizenli dizilmis bir boru demetinin
bu kanatlarin iginden siki ge¢cme ile gecirilmesiyle olusturulan
yapilardir. Bu 1s1 degistiricilerinin ¢ok sayida kanat igermesinin
sebebi dis akigkanin gaz (genellikle hava) olmasidir. D1g akigka-
nin gaz olmasi durumunda 1s1 taginim katsayis1 degeri diisiik ola-
cagindan istenen miktarda 1s1 geg¢isi igin daha fazla alana ihtiyag
duyulacaktir. Cok sayida kanat olmasi 1s1 gegis alanini artirarak
181 gecisinin istenen seviyede olmasina olanak saglar. Sektdrde
kanatl1 borulu 1s1 degistiricileri i¢in batarya adi da kullanilir.

Kanatli borulu 1s1 degistiricilerinin ¢alisma prensibi oldukca basit
olmakla beraber, 1s1 gecisini etkileyen parametrelerin ¢oklugu se-
bebiyle performans analizini yapmak bir o kadar zordur. Is1 gegisi
birbirine ¢apraz olarak akan, yani aralarindaki a¢1 90° olan akis-
kanlar arasmnda olur. I¢ akiskan, kurveler yardimiyla 1s1 degisti-
ricisi iginde miimkiin oldugu kadar gezinir ve dis akiskanla 1sil
temasta olur. Fakat matematiksel ¢dziim yapilirken 1s1 degistiricisi
z1t akish kabul edilerek ¢dziim yapilir.

Fin and Tube Heat Exchangers

1. INTRODUCTION®

heat exchanger (which will be referred to as HX)

is a device which is used to transfer thermal energy

between fluids with a solid surface. Various of heat
exchangers are used in industry with different classifications
such as shell and tube HX, finned and tube HX (which will
be referred to as FTHX), regenerative HX etc. The objective
of this article is to describe a FTHX because of wide usage
in industry.

A FTHX is a vary of a gas to liquid HX (generally air to lig-
uid). The heat transfer coefficient of the fluid side is usually
much higher than of the gas side. Therefore, to balance the
heat capacity of both sides for a optimum sized HX, fins are
used to extend the heat transfer area.

Even if heat transfer principle of FTHXSs is simple, it is hard
to do performance analyses of FTHXs. However thermal en-
ergy is transferred between gas and liquid in cross-flow, per-
formance analyses of FTHX is done with fluids with counter
flow assumption. Liquid has heat contact with gas by em-
ploying tubes as long as it is allowed.
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Sekil 1. Kanath Borulu Isi Degistiricisinin Sembolik Gsterimi

2. ISI DEGIiSTIRICiSI GEOMETRISI

Kanatli borulu 1s1 degistiricilerinde kapasiteyi etkileyen en
onemli faktér geometrik parametrelerdir. Iyi bir tasarim icin

* Makalenin Ingilizcesi yazarlari tarafindan saglanmigtir:

2. GEOMETRIC PARAMETERS

Geometric parameters are the most effective variables on heat

capacity of a FTHX. In order to make a good design, effect of

geometrik parametrelerin performans iizerine etkilerinin iyi
bilinmesi gerekir. Bu faktorler asagidaki gibi siralanabilir.

* Boru sayis::
Bir siradaki boru sayisinin artmasiyla 1s1 degistiricisinin alani
artacagindan 1s1l kapasite de artacaktir.

e Sira sayisi:

Sira sayisinin artmasiyla 1s1 degistiricisinin alani artacagindan
kapasite artacaktir; ancak birim siradan alinan ek kapasite dii-
secektir. Sira sayis1 se¢imi hava tarafi basing kaybi ve kapasite
optimizasyonuna gore yapilir.

* Devre sayisi:

Devre sayist ana tesisat borusundan gelen toplam akiskanin
bataryaya ayn1 anda kag¢ noktadan girdigini ifade eder. Dolay1-
styla batarya i¢inde paralel bagli boru sistemi olugacaktir. Per-
formans hesaplar1 yapilirken bir devreden gecen akiskan de-
bisi dikkate alinir. Devre sayist arttifinda, bir devreden gecen
akiskan debisi miktari azalacagindan kapasite ve basing kayb1
degerleri azalacaktir. Devre sayisi se¢imi kapasiteyle akiskan
basing kaybinin optimizasyonuyla elde edilir.

* Lamel arahg (Hatve):

Hatve degerinin azalmasiyla havanin minimum kesitteki hizi-
nin ve 181 gegis alaninin artmasindan dolayi kapasite artacaktir.
Buna karsilik havanin ugradigi basing kayb1 da artacak dolayi-
styla daha giiclii bir fana ihtiya¢ duyulacaktir.

¢ Lamel (kanat) kalinhg:

Lamel kalinlig1 degerinin artmasi kanat verimini artirdigindan
kapasiteyi de artiracaktir. Ozellikle hava sogutma islemlerin-
de yogusma oldugu takdirde, lamel kalinliginin etkisi daha da
biiyiiyecektir.

¢ Lamel (kanat) dizili uzunluk:
Lamel uzunlugunun artmasiyla 1s1 degistiricisinin alani artaca-
gindan kapasite artacaktir.

¢ Lamel tipi (Kaburgaly/Diiz/Patlatmal):

Lamele verilen formlar tiirbiilans yaratici ve alan artirici etkileri
nedeniyle diiz formlara gore daha yiiksek transfer katsayisi sag-
larlar fakat daha yiiksek bir hava tarafi direnciyle karsilagilir.

* Boru tipi:

Icten yivli ve diiz olmak iizere iki farkli boru tipi vardir. Yiv-
li borular genellikle evaporatdr ve kondenserde kullanilirlar.
Yivlerin ii¢ temel gorevi vardir.

» Akisin tiirbiilans karakteristigini artirarak 1s1 gegigini
artirmak.

» Yiizey alanini artirarak 1s1 gegisini artirmak.

» Evaporatorlerde akiskanin kaynamasi sirasinda yiizey

tizerindeki ¢ekirdek kaynamasii hizlandirarak 1s1 ge-
¢isini artirmak [3].

Kondenser ile evaporatorlerde kullanilan yivli borularin yiv
ozellikleri kaynama ve yogusma olaylarinin yapilarindan do-
lay1 farklidir [3].
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geometric parameters should be well known. The parameters
are defined as follows.

e  Number of tubes per a row (NT):
If NT increases, the heat capacity will also increase because
of extending heat transfer area.

¢ Number of rows (NR):

As NR increases, the heat capacity will also increase because
of extending heat transfer area, but heat capacity enhance-
ment per a row will decrease. NR is selected by optimizing
heat capacity and air side pressure drop.

¢  Number of circuits (NC):

Number of circuits can be defined as division count of fluid
flow coming from main pipe and entering to HX. FTHXs can
be assumed as parallel pipe systems, hence, the heat trans-
fer and the liquid side pressure drop are same in each circuit.
Number of circuit is selected by optimizing heat capacity and
liquid side pressure drop.

* Fin pitch:

If the fin pitch value decreases, the maximum air velocity and
the heat transfer area will also increase therefore heat capacity
will go up. In addition, air side pressure drop increases with
lower fin pitch values therefore fin pitch value is selected by
optimizing heat capacity and fan selection.

* Fin thickness:

Fin thickness is directly related to fin efficiency. If there is a
HX with thicker fin, it will have more fin efficiency. Fin thick-
ness has great influence on fin efficiency especially if there is
dehumidification in air.

* Finned length:
Heat transfer area increased if a HX has longer finned length.

* Fin type (Corrugated/Flat/Louvered):

Corrugated and louvered fins increase heat transfer area yet
main influence of those fin types is to make local turbulence.
Hence gas side heat transfer coefficient and heat capacity
increase. Besides heat capacity enhancement, air side pressure
drop also increases because of local turbulences.

e Tube type:
To enhance heat transfer, inner grooved tubes can be used in-
stead of smooth tubes. Inner grooved tubes are generally used
for evaporator and condenser because heat transfer increases
due to two phase flow. Usage of inner grooved tubes has three
main aims:

» To create turbulent effect.

» To increase inner heat transfer area.

» To increase nucleate boiling in order to increase inner
heat transfer coefficient [3].

Groove details of a inner grooved tubes should differ whether
it is used for condenser or evaporator [3].
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Fin and Tube Heat Exchangers
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Figure 2. Inner Grooved Tubes
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¢ Boru dizilisi:

Diiz ve ¢apraz olmak {izere iki tip boru dizilisi vardir. Genel-
likle capraz boru dizilisi daha verimlidir. Is1 degistiricisi sira
sayis1 bityiidiik¢e diiz ve ¢apraz dizilis arasindaki verim fark-
lilig1 azalacaktir.

¢ Boru cap::

Diger parametrelerin ayni tutuldugu durumda boru g¢apinin
artmastyla yiizey alani ve kanat verimi artacagi igin kapasite
artacaktir.

Iklimlendirme sogutma alaninda kullanilan kanatli borulu 1s1
degistiricileri akiskan tipine, dagilmasina ve gdrevine baglh
olarak kendi aralarinda temel olarak dorde ayrilirlar.

a) Sulu/glikollii bataryalar

i.  Isitma bataryalar

il.  Sogutma bataryalari
b) Direkt genlesmeli evaporatorler
c) Pompali evaporatorler

d) Kondenserler

a) Sulu/glikollii bataryalar:

Sulu bataryalar, ismini i¢ akigkanin su veya sulu ¢ozelti olma-
sindan almustir. I¢ akiskanin havay1 sogutmasi veya 1sitmasina
gore alt isimlere ayrilirlar. Boru sayisi ve sira sayisi bataryanin
kapasitesine bagli olarak secilen klima santral boyutlariyla de-
gismektedir. Sira sayist bataryadan alinacak kapasiteye bagl
olarak tasarim sirasinda ortaya ¢ikmaktadir. Boyutlari olustu-
ran ana kriter (ek bir sart yoksa) sogutulmasi veya isitilmasi

¢ Tube arrangement:

There are two tube arrangement systems which are “stag-
gered” and “in-line” tube arrangement systems. Staggered
systems are generally more efficient than in-line systems. The
efficiency difference between staggered and in-line systems is
inversely proportional with row count.

¢  Tube outer diameter:

If the tube outer diameter increases, heat capacity will also in-
crease because of extending heat transfer area and increasing
fin efficiency. To observe this effect, all of the other param-
eters must be kept constant.

In HVAC market, FHTXs are classified depending on fluid
their types, distribution and duties.

a) Water/Glycol Coils
i.  Heating coils
ii. Cooling coils

b) Direct expansion (DX) evaporators
¢) Pump evaporators (Flooded evaporators)
d) Condensers

a) Water/glycol coils:

If the FTHX’s inner fluid is water or glycol-water mixture,
it can be named as water/glycol coils. Number of tubes and
number of rows are selected depending on air handling unit
dimensions. In addition, air side and fluid side pressure drops
are limits for designing a water/glycol coil. In order not to
exceed pressure drop limits, air face velocity is generally se-
lected 2-3 m/s and fluid velocity is generally selected 1-2 m/s.

istenen hava miktarmin belirli bir hava basing kaybi ve hiziyla
batarya alin ylizeyinden gegirilmesidir. Bu durumda, alindan
gegen hava hizinin 2,5 - 3 m/s arasinda olmasi istenir.

i. Isittma bataryalari:

I¢ akiskani su olan ve havay1 1sitan bataryalar 1sitma bataryala-
11 olarak adlandirilirlar. Havadaki su buharimin yogugmasi sdz
konusu olmadig1 i¢in performans analizleri sogutma batarya-
larina gore nispeten kolaydir.

ii. Sogutma bataryalari:

Sogutma bataryalari nem alma ve hava sogutma islemlerini
yapan 1s1 degistiricileridir. Havadaki su buharinin yogustugu
durumlarda gergekei bir performans analizini yapmak diger
durumlara gore daha zordur.

b) Direkt genlesmeli evaporatorler:

Evaporatorler genlesme valfi tarafindan basinci diistiriilen sivi
+ buhar haldeki sogutucu akigkanin kompresoriin emis basin-
cina karsilik gelen doyma sicakliginda dis ortamdan 1s1 alarak
tamamen buharlagmasini saglar. Buharlagsma sirasinda bulun-
dugu ortamdan 1s1 alip sogutma iglemini saglar.

- Evaporatorlerden iyi bir verim aliabilmesi i¢in asagidaki
gibi birtakim hususlara dikkat edilmelidir.

- Basing kaybimin ¢ok yiiksek olmayacak sekilde (0,6 Kelvin
olmas1 Onerilir) devre boyunun optimum olarak tasarlan-
mas1 ve yivli boru kullanimi.

- Akiskanin devrelere iyi dagilmasimin saglanmasi.

- Lamel araliklarinin ¢alisma ortamina gore belirlenmesi.
Omegin havadaki su buhariin donma tehlikesi varsa, la-
mel araliklarinin genis segilmesi.

- Yogusmaya olan etkisinden dolay1 optimum lamel kalinlig1
secilmesi.

Havadaki su buharinin yogusmasi ve donmast, bir siire almak-
tadir. Yiizeyle havanin etkilesim siiresinin artmasi, su buhari-
nin daha fazla yogusmasi ve fazla donmasina neden olacaktir.

¢) Pompali evaporatorler:

Pompal1 evaporatorlerin, direkt genlesmeli evaporatorlerden
farki akigkanin evaporatdrlere dagitilma bigimidir. Bir pompa-
l1 evaporatdr sisteminde, akigkan pompa tarafindan basilarak
evaporatore iletilir. Evaporatorde kismen buharlasan akigkan,
cift fazli olarak evaporatdrden ¢ikarak likit tankina gelir. Likit
tankinda yogunluk farki nedeniyle gaz iistte, siv1 ise alt kisim-
da toplanir. Tankta bulunan gaz fazindaki akigkan, kompresor
tarafindan emilirken sivi fazindaki akigkan ise pompa tarafin-
dan tekrar evaporatore gonderilerek buharlagsmasi saglanir. Bu
sistemlerde akiskan genellikle amonyaktir ve bu sistemler en-
diistriyel tesis ve soguk odalarda kullanilirlar.

d) Kondenserler:

Kondenser sogutucu akiskanin evaporatérden aldigi 1siyla

Yasin Kocaman, Hatice Tosun

i. Heating coils:

If a water/glycol coil heats air, it is named as heating coil. Be-
cause of not dehumidification, it is not as difficult as cooling
coil to do a realistic performance analysis.

ii. Cooling coils:

If a water/glycol coil cools air, it is named as cooling coil. It
is difficult to do a realistic performance analysis because of
dehumidification probability.

b) Direct expansion (DX) evaporators:

Evaporator is a device used to transform liquid phase to gas
phase by absorbing heat from air. Liquid pressure decreases
instantly in expansion valve and it is injected to DX evapora-
tor by using distributors.

To use evaporators more efficiently, following points should
be considered.

- Circuit length should be designed by optimizing fluid side
pressure drop and heat capacity. If the fluid side pressure
drop is more than 0,6 Kelvin, it will be not an efficient
design.

- Good distribution should be supplied by selecting appro-
priate distributors.

- Wider fin pitch values should be selected if there is a freez-
ing risk.

- Optimum fin thickness values should be selected depend-
ing on dehumidification.

Dehumidification progress is a time consuming progress. If
fin surface and air contact increases, condensation will also
increase and time consumption will be much less. More
finned length brings more surface-air contact therefore more
humid will condensate.

¢) Pump evaporators (flooded evaporators):

Flooded evaporators depart from DX evaporators with fluid
injection type. In DX evaporators, liquid-gas (two phase)
fluid is injected directly to evaporator. Yet, in flooded evapo-
rators, liquid (single phase) fluid is injected to evaporator by
re-circulation. Fluid is evaporated in flooded evaporator and
leaves evaporator as liquid-gas (two phase). Gas and liquid
are separated in a vessel, then gas is sucked by compressor
and liquid is re-pumped to evaporator. There is lack of certain
information such as how much should be pump re-circulation
rate, optimum fluid temperature difference between inlet and
outlet etc.

Flooded evaporators are generally used for low temperature
applications such as cold rooms and inner fluid is generally
ammonia.

d) Condensers:

Condenser is a device used to transform gas phase to liquid
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kompresordeki sikigtirma islemi sirasinda ilave olan s sis-
temden atilarak, sogutucu akigkani yogusturma gorevini yapar.
Boylece sistemin hem basma tarafindaki basing diigser, hem de
sogutucu akiskan sivi hale gelerek evaporatorden 1s1 alip genle-
secek duruma gelir.

Kondenserdeki 1s1 gecisi kizgmligin alinmasi, yogusma ve asiri
sogutma olmak {iizere {i¢ kistmda meydana gelir. Kondenserin
alaninin yaklasik % 85’inde yogusma, %5’inde kizginligin alin-
masi ve %10’ unda ise agir1 soguma meydana gelir.

_ 3. KANATLI BORULU IS|
DEGISTIRiCISININ PERFORMANS
HESAPLAMALARI

Kanatli borulu bir 1s1 degistiricisinin performans analizi iki ana
yontemle yapilabilir. Logaritmik sicaklik farki (LMTD) ve e-NTU
olan bu yéntemlerin kullanilmalari, analizi yapilacak olan 1s1 de-
gistiricisinin verilerine baghdir. Bu iki ana yontem hem sonlu
hacimler metodu, hem de kontrol hacmi metodu kullanilarak uy-
gulanabilir. Her iki yontem de sonlu hacimler metodu ile uygulan-
dig1 takdirde daha gercekei sonuglar vermektedir.

3.1 Logaritmik Sicaklik Farki

Kanatli borulu bir 1s1 degistiricisinde, akigkanlar arasinda gegen
1s1 miktart, toplam 1s1 transfer katsayisina, 1s1 transfer alanina ve
logaritmik sicaklik farkina baglhidir.

Is1 degistiricileri, akis tiplerine gore zit akisli, paralel akish ve
capraz akislt 1s1 degistiricileri olarak smiflandirilabilirler. Bu
ti¢ akis icin LMTD degerleri birbirinden farklidir. En yiiksek
LMTD z1t akista elde edileceginden, ayni 1s1 transfer katsayisi
ve 1s1 transfer alaninda en yiiksek 1s1 gecisi zit akish bir 1s1 de-
gistiricisinde olacaktir. Bu nedenle ¢apraz akisli olan kanatli bo-
rulu 1s1 degistiricilerinde LMTD degeri zit akis kabulii yapilarak
hesaplanir ve daha sonra bir diizeltme katsayistyla diizeltilir.

Akiskanlar arasindaki enerji dengesi zit akis kabulii yapilarak
yazildig1 takdirde logaritmik sicaklik farkinin matematiksel ifa-
desi asagidaki sekilde ¢ikarilabilir [1].

Fin and Tube Heat Exchangers

phase by transferring heat to air. After condensation of fluid,
it goes to expansion valve and then evaporator.

In a condenser generally, 85% of heat transfer area is re-
quired for condensation, 5% of heat transfer area is required
for taking out superheating and 10% heat transfer area is
required for subcooling.

3. PERFORMANCE ANALYSIS OF FTHX

There are two main method to do performance analy-
ses which are logarithmic mean temperature difference
(LMTD) and effectiveness-NTU (e-NTU), respectively.
Analysis method selection depends on input values. Both of
the methods can be applied with finite volume approach and
control volume approach.

3.1 Logarithmic Mean Temperature Difference

Heat transfer in a FTHX is related to overall heat transfer
coefficient, surface area and logarithmic mean temperature
difference.

Heat exchangers have three different flow types which are
counter flow, parallel flow and cross flow. Counter flow
brings the highest LMTD value therefore it is more effec-
tive than the others. However, FTHXs are cross flow heat
exchangers, their performance analysis is done assuming
with counter flow and corrected by a correction factor.

If it is assumed that there is counter flow, logarithmic mean
temperature difference can be derived from the energy
balance equation [1].

00 =—C,.dT, = -C.dT, (1.1)

-80

h

dT, =

Iki akiskan arasinda transfer edilen 1s1 miktar1 (1.3) numaral
esitlikteki gibi de yazilabilir.

ve/and dT, =—
C

~80
(1.2)

c

Heat transfer between two fluids can be written as Eq. (1.3).

00 =U.AT.dA (1.3)

Burada AT'= T,-T olarak yazilabilir, bu deger akigkanlarin ye-
rel sicaklik farkidir. Yerel sicaklik farki denklem 1.4’te oldugu
gibi yazilabilir.

Denklem (1.4), denklem (1.1)’e taginarak denklem (1.5) elde
edilir.

AT = T,-T is local temperature difference of fluids.

d(AT) =dT, —dT. (14

If Eq. (1.4) is written to Eq. (1.1), Eq. (1.5) can be derived.
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11
d(AT):SQ.(F+F) (1.5)

Denklem (1.5)’de 8Q yerine denklem (1.3) yazilip integras-
yon iglemi yapildig1 takdirde denklem (1.6) elde edilir.

[

AT

2

Son olarak denklem (1.6)’da C, ve C, degerleri denklem
(1.2)’den ¢ekilerek yazildigi takdirde denklem (1.7) elde edilir.

A

In(

Denklem (1.7)’de 7, - T, ifadesi AT , T, -T  ifadesi ise AT, ile
ifade edildigi takdirde akiskanlar arasindaki 1s1 transfer denk-
lem (1.8) ile ifade edilmis olacaktir.

AT, — AT,
Denklem (1.8)’deki ln( AT, ) ifadesi logaritmik sicaklik farki

1

olarak adlandirilir ve AT, ile gosterilir.

O = UAAT,,

Denklem (1.9)’da goriildiigii gibi, akigkanlar arasinda transfer
olan 1s1 miktar1, toplam 1s1 transfer katsayisi ve 1s1 transfer alani-
nin yaninda logaritmik sicaklik farkina da baghdir.

Kanatli borulu bir 1s1 degistiricisinin performans analizinin
LMTD ydntemiyle yapilabilmesi i¢in akiskanlarin girig/gikis si-
cakliklariin bilinmesi gerekmektedir. Bu sicakliklar bilinmedigi
takdirde, bilinmeyen sicaklik iterasyon yardimiyla performans
analizi yapilabilir. Fakat tahmin edilen sicakliklardaki kiiglik de-
gisimler performansi etkileyeceginden bu iterasyonu basariyla
sonlandirmak zor ve olduk¢a zaman alan bir iglemdir.

Is1 degistiricisi LMTD yontemi kullanilarak kontrol hacmi yak-
lagimiyla analiz edilebilecegi gibi, istenilen sayida sonlu hacme
boliinerek de analiz edilebilir. Sonlu hacim sayisi arttikca, yiizey
sicakliklar1 ve logaritmik sicaklik farklar1 daha hassas hesap-
lanabilecegi icin yapilan teorik analiz daha gergekei olacaktir.
Fakat kontrol hacmi yontemiyle analiz yapilirken 6zellikle akis-
kanlarin sicaklik degerleri arasindaki farklar yiiksekse, yapilan
analizler pek gercekci olmayacaktir.

2
-U. L+L .jdA
Ch Czr 1

G P ] L
AT, c

h c

If Eq. (1.3) is written instead of 6Q in Eq. (1.5), Eq.(1.6) can
be derived.

(1.6)

Ch

c

Finally, if C, and C, are written from Eq. (1.2) to Eq. (1.6),
LMTD definition [Eq. (1.7)] can be derived.

T.-7, T -T
TZ ) =_U4 hi ho 4_a 2 (1.7)
ATy o 0

Hence, heat transfer equation between two fluids can be writ-
ten as Eq. (1.8).

it Bt (1.8)

AT, - AT, | definition is called logarithmic mean temperature

1n(iTz ) difference.

~

(1.9)

To use LMTD method to do a performance analysis, in-
let and outlet temperature of fluids must be known else
they must be calculated with an iteration. Yet, very small
temperature deviations affect heat capacity results much,
therefore these iterations take much time.

If LMTD method is used with a finite elements approach,
surface temperature and LMTD value will be calculated
more accurately therefore performance analysis will be
more realistic. Control volume approach generally brings
inaccurate performance analyses.
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3.2 &-NTU Yontemi

Kanatli borulu bir 1s1 degistiricisinde akigskan girig/¢ikis sicak-
liklart biliniyor veya enerji denklemleri yazilabiliyorsa LMTD
yontemini kullanmak performans analizi i¢in biiyiik kolayliklar
saglamaktadir. Akigkan ¢ikig sicakliklari bilinmiyorsa daha 6nce
de belirtildigi gibi iteratif bir ¢6ziim yapmak gerekmektedir.
Kanatli borulu bir 1s1 degistiricisinde akiskanlar arasinda trans-
fer olabilecek maksimum 1s1 miktari teorik olarak hesaplanabi-
lir. Bu deger denklem (2.1)’deki gibi hesaplanabilir.

QI’)MIX = C

Etkenlik degeri (€) ise bir 1s1 degistiricisinde akiskanlar ara-
sinda transfer olan 1sinin, gegebilecek maksimum 1siya orani
olarak tanimlanir.

€ degeri, her bir 1s1 degistiricisi i¢in NTU ve akiskanlarin 1s1l
sigalarinin oraninin bir fonksiyonudur.

£= f[NTU,

Gegis birimi sayis1 olarak adlandirilan NTU (number of trans-
ferred units) 1s1 degistiricisinde ¢aligma sartlarina bagli olarak
gegebilecek 1sinin gegen 1siya orani olarak da ifade edilebilir.
Bu nedenle bir 1s1 degistiricisi tasarlanirken bu deger 1.2—
1.3’ gegmeyecek sekilde tasarlanir. Bu degerin gegilmesi,
1s1 degistiricisinde gereginden fazla 1s1 transfer alani oldugu
anlamina gelmektedir [2].

Fin and Tube Heat Exchangers

3.2 &-NTU Method

If inlet and outlet temperatures of fluids are known, LMTD
method provides simplicity to do a performance analysis. If
they are not known, e-NTU can be used to do a performance
analysis.

In a FTHX, maximum heat transfer can be calculated as in
Eq. (2.1).

(7,-1,) en

Efficiency value (g) is the ratio of transferred heat to maxi-
mum transferable heat.

(2.2)

Also efficiency value is a function of number of transferred
units (NTU) and heat capacitance ratio.

Cmin (23)
C

NTU is the ratio of transferrable heat to transferred heat in
FTHX. Therefore while designing a heat exchanger, NTU
value should be around 1,2-1,3 to be safe. If NTU value

higher, it means heat exchanger has more surface area than
required area [2].

UA

NTU =— 24
C 24

Sekil 3'te hava 1sitic1 gérevi goren bir kanatli borulu 1s1 degis-
tiricisi i¢in 6rnek akis diyagrami goriilebilir.

Kanatli borulu bir 1s1 degistiricisinde akiskan ¢ikis sicakliklar
bilinmiyor ise e-NTU yontemini kullanmak performans anali-
zi i¢in biyiik kolayliklar saglamaktadir.

&-NTU genellikle kontrol hacmi yaklagimiyla uygulanir, fakat
sonlu hacim yontemi yaklagimiyla uygulandiginda daha ger-
¢ekei sonuglar verecektir.

3.3 LMTD ve e-NTU Karsilastirmasi

Is1 degistiricilerinin performans analizinin yapilmasinda izlene-
bilecek bu iki yontemi de kullanan ¢ok sayida algoritma vardir.
Friterm biinyesinde gelistirilen 1s1 degistiricisi tasarimi yazilimi
FrtCoils gelistirme ¢alismalarinda bu iki yontem harmanlana-
rak kullanilmis ve yontem StepByStep olarak adlandirilmistir.
FrtCoils StepByStep ile sogutma, 1sitma, evaporator ve konden-

min

The flow diagram of e-NTU is shown in Fig. 3

e-NTU method is generally used by control volume ap-
proach. But it can be used by finite volume approach to do
more realistic performance analyses.

3.3 Comparison of LMTD and &-NTU

There are many algorithms which use both of the methods to
do a performance analysis. Heat exchanger design software
FrtCoils is developed by Friterm which uses both of those
methods and the new method is called StepByStep. Cooling
& heating coils, evaporators and condensers can be designed
with FrtCoils StepByStep.

Even if FrtCoils has Eurovent certification, coils are tested in
Friterm’s laboratory to verify software results. There is a dif-
ference between performance analyses done by StepByStep
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Figure 3. e-NTU Flow Diagram
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serlerin performans analizi yapilabilmektedir.

Yazilim Eurovent sertifikasina sahip olmasina ragmen, Friterm
iirtinlerini kendi laboratuvarinda test ettikten sonra yazilim-
dan elde edilen sonuglarin gercege yakinligini goézlemektedir.
StepByStep ile gelistirilen model ile kontrol hacmi yontemiyle
gelistirilen model arasindaki farkin iki temel sebebi vardir.

+ Havadaki su buharmin yogusmasini kontrol hacmi yontemiy-
le gercekei saptamak oldukga zordur. StepByStep ile 1s1 de-
Sistiricisi istenen sayida sonlu hacme béliinerek kanat ylizeyi
sicakligi, buna baglh olarak yogusan su buhart miktar1 daha
gercekei olarak hesaplanir. Boylece hava tarafi 1s1 taginim
katsayis1 ve duyulur/gizli 1s1 oran1 daha gergekgi hesaplanir.

+ 1I¢ akiskan glikollii su ¢ozeltisi veya sogutucu akigkan ise
fiziksel ozellikleri, 6zellikle viskozitesi sicaklik degisimin-
den fazla etkilenecektir. Kontrol hacmi yonteminde akiskan
giris ¢ikis sicakliklarinin ortalamasi alinarak viskozite bulu-
nur. StepByStep ile yapilan bir analizde ise her bir hacmin
giris ¢ikis sicakliklari bulunarak gercek viskozite degerleri

and control volume approaches. There are two main reasons
of the differences.

« It is hard to obtain condensing humid correctly with us-
ing control volume approach. To obtain correct condensing
humid, StepByStep should be used instead of control vol-
ume approach. According to StepByStep, heat exchanger
is divided into desired number of pieces (cells) to calculate
fin surface temperature more accurately. More cells bring
more accurate temperature values, therefore air side heat
transfer coefficient and sensible/latent heat ratio can be
calculated more realistic.

« If inner fluid is water/glycol mixture, physical properties
(especially viscosity) are affected by temperature varia-
tion more than a pure fluid is affected. If control volume
approach is used, physical properties are calculated at av-
erage of inlet and outlet fluid temperatures. It means that
effect of temperature variation is neglected with this ap-
proach. Inaccurate viscosity calculation causes inaccurate
Reynolds number calculations. Therefore inner side heat

Cilt: 54
Sayi: 646

34 Mihendis ve Makina

Miuhendis ve Makina 35

Cilt: 54
Sayi: 646



Kanath Borulu Isi Degistiricileri

kullanilir. Dogru viskozite degisimini elde edebilmek, dogru
Reynolds sayilarini dolayisiyla dogru 1s1 taginim katsayilari-
n1 elde edebilmek anlamina gelmektedir. Bu durum StepBy-
Step ile kontrol hacmi yontemine gére daha gergeke¢i sonug-
lar elde edilmesini saglar.

4. SONUCLAR

Tablolarda goriilebilecegi gibi, StepByStep ile gelistirilen ya-
zilimda yapilan bir performans analizi, kontrol hacmi ydnte-
mine gére daha gergekgi sonuglar vermektedir. Duyulur/gizli
1s1 orani daha gergekei hesaplandigi i¢in hava ¢ikis sicakligi da
gercekei olarak bulunmaktadir.

Enerji verimliliginin 6neminin artmasiyla birlikte, performans
analizlerinin dogrulugu da 6nem kazanmaya baslamistir. Son-
lu hacimler metodu ile ¢dziim modellemek i¢in iist seviyeli
programlama dillerinin iyi bilinmesi gerekir. Bu nedenle dogru
performans analizleri yapabilmek olduk¢a zordur ve yapabilen
kurumlar sayilidir.

Tablo 1. Sulu Sojutma Bataryasi Karsilagtirma Tablosu
Table 1. Cooler Coil Comparison Table

Fin and Tube Heat Exchangers

transfer coefficient is calculated inaccurately. StepByStep
does not neglect temperature variation effect on physical
properties. Hence, performance analyses done with Step-
ByStep is more realistic.

4. CONCLUSIONS

As it is seen on Table 1 and Table 2, StepByStep gives more
realistic results than control volume approach. Because of
correct analyses of sensible/latent heat ratio, air outlet tem-
perature is calculated more accurate.

Nowadays, performance analyses become more important be-
cause of energy efficiency awareness. To use finite volume
approach, high level language knowledge is a must. Hence,
there are no many companies doing realistic performance
analysis in the market.

Kaynak Yazilim / Test Kontrol Hacmi FrtCoils StepByStep | Eurovent Testi
Source Software / Test Control Volume FrtCoils StepByStep Eurovent Test
Kapasite / Capacity (kW) 27,4 271 27

Hava Cikis Sicakligi / Air Outlet Temp. (°C) 15,3 15 14,99

Tablo 2. DX Bataryasi Karsilagtirma Tablosu
Table 2. DX Evaporator Comparison Table

Kaynak Yazilim / Test Kontrol Hacmi FrtCoils StepByStep | Friterm Lab Testi
Source Software / Test Control Volume FrtCoils StepByStep Friterm Test
Kapasite / Capacity (kW) 8,1 54 55
Hava Cikis Sicakligi / Air Outlet Temp. (°C) -3,1 -2,03 -2,06
SEMBOLLER NOMENCLATURE

Q : Gegen 1s1 miktar1 (W) Q Heat transfer (W)

C : Isisigasi (%) C Heat capacity (%)

U : Toplam 1s1 gegis katsayst () U Overall heat transfer coefficient (")

A Is1gegis alan1 (m?) " A Exchange surface (m?) kK

T : Sicaklik (°K) T : Temperature (°K)

indisler Subscripts

h : Sicak akigkan h : Hotfluid

¢ : Soguk akigkan ¢ : Cold fluid

i : Qiris i Inlet

i Ciks i : Outlet
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