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OzET

Akiskan akisini iceren mikroelekiromekanik sistemler (MEMS)
saglik bilimlerinden uzay arastirmalarina uygulamalarinin
hizla artmaslyla gunumize meydan okumakfadir. Bu
calismanin amaci bu &zel saylr okuyucularinin
mikrokanallardaki tasinim 1si gecisi icin teorik ve deneysel
arastirmalarla ilgilenmeden &nce akiskan akisini - iceren
MEMS'lerle ilgili bilgilendiriimesini saglamaktir.  Mikro-isi
degistiricileri, mikropompalar, mikroturbinler, mikro-isi
borulari, mikro-kriyojenik-sogufucular ve  absorpsiyonlu isi
pompalari akiskan-MEMS'lerle ilgili fasarnim degiskenlerini
anlamayi saglamak icin bu calismada tartisilan drneklerdir. .

Anahtar Kelimeler: MEMS, Akiskan-MEMS, Mikro-Isi
Degistiriciler, Micropompalar, Mikrotdrbinler, Mikro-Isi
borulari, Kriyojenik-sogutucular

Giris
EMS karakteristik boyutian Tum'den 1 mm'ye
degisen ve mekanik optik akiskan
elemanlarn elektronikle birlegtiren mikroskobik
mekanik sistemler olarak tanmianir. 25 yillk aragtimalan
fakiben, MEMS parcalannin ufak boyutiannin: faydalanni
dustk maliyetleri ve yUksek hassasiyetini fark ederek,
otomotiv endUstrisi ik olarak hava yastigr akselometresinde
MEMS parcalanni benimsemiglerdir. GUnumuzde MEMSler
sayesinde tekil cipler Uzerinde entegre ediimis
10$'In

altindadi{1]. Béylece imalatgilar yan darbe hava

akselometreler ve elektroniklerin - maliyeti

yastiklanni arabalara ilave etmis gavenligi- arfimniglardir.
MEMSlerin carpici gelismesi telekomunikasyon alaninda
gdzlenir. MEMS'ler murekkep pUskartmeli yazicilarda mikro-
enjektor olarak gorulebilirler.

Akiskan akisini iceren MEMSler, akiskan-MEMS olarak ya

da mikro-akigkan sistemler olarak adlandirlir.
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ABSTRACT

The microelectromechanical (MEMS) systems including
fluid flow have been challenging with increasing range of
applications from the health sciences to the space
explorations. The affempt of this study is to provide an
infroduction for the readers of the special issue about
MEMS including fluid flow before dealing with the
theoretical and experimental researches for convective
heat transfer in microchannels. Micro-heat exchangers,
micropumps, microturbines, micro-heat pipes, micro-
cryocooler and absorption heat pumps are examples
discussed in this study fo provide insight info design
parametersrelevantto fluidic-MEMS.

Keywords: MEMS, Fluidic-MEMS, Micro-Heat Exchangers,
Micropumps, Microturbines, Micro-Heat pipes, Cryocoolers

INTROdUCTION

he microelectromechanical systems (MEMS) are
defined as microscopic mechanical systems
having characteristic dimensions ranging from 1

um to T mm and combine mechanical, optical and
fluidic elements with electronics. Following 25 year
research, the automotive industry first embraced MEMS
devices commercially as aibag accelerometers,
recognizing the benefits of MEMS devices' small size,
relative low cost and high degree of sensitivity. Today,
because of MEMS, the accelerometer and electronics
are infegrated on a single chip at a cost of under $10[1].
Therefore manufacturers added side impact airfbags in
automobiles and increased safety. Significant growth of
MEMS are observed in telecommunication. MEMS can
be seen as micronozzles for ink direction in inkjet printers.
MEMS including fluid flow are called as fluidic-MEMS

or microfluidic systems. Since the miniaturization offers
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MinyatUrlestrme pek cok avantaj énerdiginden akiskan-
MEMSler saglk bilimlerinden, yan iletkenlerden uzay
arastirmalanna kadar gesitli sistemlerde kullanilir. MEMS'ler
giderek genis uygulamalara sahip olacak ve yakin
gelecekte buyUk bir pazar sunacaklardir. Akiskan-MEMSller
bodylece arastrmacilar ve imalatcilar igin verimii bir alandir.
Bu calismada, bu konu disindaki bir okuyucunun dahi
dikkatini cekmek igin en cok bilinen akiskan-muhendislik
sistemlerinin mikro Glgekli calismalan fanrtilacakir.

Mikro-Isi Degistiriciler

Silikon-tabanl mikrokanal 1s1 degistiricileri iceren
yuksek is1 akilanna sahip artan bir paketleme yogunlugu
ile mikro-elektronik sistemlerin sogutulmasi
gerceklestiimektedir. 1 cm’ lik silikon yonga tzerinden
790 W likisi cekilmesi [3] Uzerine Tuckerman ve Pease [2]
tarafindan yapilan orijinal sivi tasinimi ¢alismasindan
sonra  mikrokanallarda sivi ve  sivi-buhar  tasinimi
vasitasiyla 1si cekilimesi olayr dikkatleri Gzerine
toplamistir.  Mikro-i1si - degistiriciler kdcuk sicaklik
basamaklari icin efkili 1si gekme araclarndir. Bau [4]'nun
acikladigl gibi sicaklik basamaklian, dazensiz sl
genlesmeye, sl geriimelere ve kismen de farki
malzemeler arasinda mekanik yorulmalara neden
olduklar icin istenmezler. Aslinda, son on yilda yapilan
cesitli calismalar, elekironik parcalarn  efkili
sogutulmasi icin mikrokanallar (d ¢apr mikrondan yiz
mikronlara kadar degisen) veya mini-kanallar
(karakteristik capr d~1 mm) kullanmaya kuvvetli ilgi
gbstermektedir [5].

Mikro-1s1 - degistiricilerin  ayinci  &zelligi kanal ve
kanatgiklann  fantastik  boyutlandrr.  Kanat ve  kanal
genisligi genellikle 20 ila 400 wm mertebesindedir,
kanalin yUksekligi birkac ylz mikron kadar buydkir,
kanalin uzunlugu genelikie 0.1 ila 1.0 cm arasindadir
(belki biraz daha uzun olabilir) ve kah alt faban kalinidi

yaklasik olarak 100 um'dir [6]. Mikroislemcilerin arfisindaki

many advantages, fluidic-MEMS are used in a variety of
systems from the health sciences, semiconductors to
the space explorations. MEMS will have an increasing
wide range of applications and offer great market in
near future. The fluidic-MEMS, therefore, is a fertile area
forboth researchers and manufacturers.

In this study, micro-scale studies of the most famous
fluidic-engineering systems will be infroduced fo aftract

aftention of areader even outside the field.

Micro-Heat Exchangers

The micro-electronic systems have resulted in
increased packaging density with high heat fluxes which
must be cooled involving the silicon-based
microchannel heat exchangers. Forced liquid and liquid-
vapor convection in microchannel heat sinks have
received aftention since the original liquid convection
research by Tuckerman and Pease [2], which removed
790 W from a 1 cm’ siicon chip [3]. Micro-heat
exchangers are efficient means for heat removal for
small femperature gradient. As Bau [4] explained that,
tfemperature gradients are undesirable since they may
cause non-uniform thermal expansion, thermal stresses,
and mechanical fatigue, particularly ot the interface
between two dissimilar materials. In fact, several studies
conducted during the last decade have shown the
strong interest to use mini-channels (characteristic
dimension d~1 mm) or microchannels (d varying from
several microns to several hundred of microns) for
cooling efficiently electronic components [5].

The distinctive feature of micro-heat exchangers is the
fantastic size of the channels and fins. The fin width and
channel width are usually on the order of 20 to 400 um,
the channel height as great as several hundred microns,
the channellength is usually on the order of 0.1 1o 1.0cm
(but may be much longer), and the solid substrate

thickness as small as approximately 100 um [6]. Due to
ever-increasing speed of microprocessors, Sun

microsystems project that future heat removal
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hiza bagl olarak, Sun mikrosistemleri 1s1 ¢cekme
gereksinimlerinin bir islemci basina 150 W olacagini ve
bunun da gugc tuketimini artiracagini dile getirmigler,
aynca islemci kalip boyutunu devam eden azaltma
egilimi, islemcilerin 1si akisinin  eksponansiyel oranini
arfirmasi anlamini tasimaktadir [7].

Harris ve digerleri [8] dUzlemsel mikro -capraz- akisli
IsI degistiricileri Gretmisler ve basing disimunun ihmal
edilebildigi capraz akisin oldugu tasanmlarda birim
agirlik ve hacim basina yuksek oranlarda isi gecisinin
gergeklestirilebileceklerini ifade etmislerdir. Jiang ve
digerleri [3] cevriimdeki akiskan icin elekiroozmotik
pompa kullanan kapall -cevrimili iki- fazli mikrokanal
sogutma sistemi gelistirmislerdir. Sekil 1 mikrokanal isi
degistiricinin  duzlemsel ve kesit gorinusinu
vermektedir. Tablo 1 1s1 degistirgecinin  boyutlanni
gostermektedir.

Sekil 2 dustk basing degisimlerine sahip 1si faginim
katsayisi 10000'den 35000 Watt/m?* C'e kadar dedisen
tipik bir mikro 1s1 degistirgecini gbstermektedir. Benzer
bir 1s1 degistirgecinin kesit resmi de Sekil 3'te
gorilmektedir. Sekil 4te tipik mikrokanallar A-Agibi
kesitte incelenehbilir.

Karlsruhe Arastirma Merkezinde gelistirilen mikro s
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b makale

requirements will be approximately 150 Watts per
processor and this increased power consumption, in
addition to the continuing frend for decreasing processor
die size, means the heat-flux of the processors is
increasing exponential rate [7].

Harris et al. [8] have fabricated planar micro-cross-
flow heat exchangers and reported that it is possible to
achieve very high ratios of heat fransfer per unit volume
and heat fransfer per unit weight with a negligible
pressure drop penalty with the cross-flow designs.  Jiang
et al. [3] have developed a closed-loop two-phase
microchannel cooling system using electroosmotic
pumping for the working fluid. Figure 1 represents a
photograph of the microchannel heat exchanger and its
planar- and cross-views. Table 1 includes the dimensions
of the heat exchanger.

Figure 2 shows a typical micro-heat exchanger with
convective heat fransfer coefficients from 10000 to
35000 Wattts/m? °C with low pressure drops. A similar heat
exchanger seen in Figure 3 includes the line indicating a
cross-section. Typical microchannels can be observed in
such a cross-section of A-A as in the Figure 4.

An example for commercialized micro-heat

exchangers is one developed in Karlsruhe Research

Duzlemsel gorands (boyutlar milimetre]
Planar view (dimensions in millimeters)

Si substrate —»
Si alt tabaka

e

Cross-sectional view

Kesit gorandsu cam
. Jo— glass
microchannel —Il |#— silicon
mikrokanal silikon

Sekil 1. a) Fotograf b) mikrokanal isi degistiricinin dtzlemsel ve kesit goranusUl3].
Figure 1. ) Photograph b) planar and cross-sectional view of the microchannel heat exchanger [3].
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Tablo 1. Isi degistiricilerin boyutlari [3]

Yapi Boyut

20 mm x 29 mm x 500um

lerigtgtinc eonislibcuzunluk ol iml

100 pm x 100 pm x 15 mm
(genislik x derinlik x vzunluk)

40 (350um aralik ile)

Kanal geometrisi

Kanal no.su

1 mmx 100 pm x 1 mm

Biis/sliasiman ol dul b e unluk)

degistiricilerin bir dmegi Sekil 5'de gosterilmis ve 6zellikleri
Tablo 2'de 6zetlenmistir.

Bu alt boélimde, giris amagh oldugu igin mikro 1si
degistiricilerin sinirfi bakis agisiyla ele alinmistir, bu dzel
konu mikro-1si degistiricilerdeki mikro-kanallarda tasinim

ISl gegisinde ele alinmigtir.

Sekil 2. Ulusal Kuzeybati Pasifik Laboratuari farafindan
Uretilen bir mikro-isi degistirici [9].

Figure 2. A microheat exchanger produced by Pasific
Northwest National Laboratory [9].

Tablo 2. Karlsruhe arastirma merkezi tarafindan geligtirilen
mikro-isi degistiricinin karakteristik verileri [12]

Kanal Kesiti 100 x 70 ym ... 200 x

200 pym
Belirli i¢ ylzey < 30,000 m?/m?®
Mikro-1si degigtirici hacmi 1; 8; 27 cm?®
Mikro-isi degistirici 1sil gued (Su igin) | < 200 kW

Mikro-1s1 degistiricide maksimum
1sinma miktari

Birim basina gecen hacim miktar (Su
icin)

< 15,000 K/s

< 7,000 kg/h

Table 1. Dimensions of the heat exchangers [3]

Structure Dimension

20 mm x 29 mm x 500um

i @Enamger {(width x length x thickness)

100 um x 100 um x 15 mm
{width x depth x length)

40 (with pitch of 350um)

Channel geometry

Mo.of channels

1 mmx 100 pm x 1 mm

Inlet/outlet manifold o el

Center, which is shown in Figure 5 and the characteristic
datais summarized in Table 2.

In this sub-section, micro-heat exchangers are
considered at a limited perspective for only the purpose
of infroduction since this special issue is already devoted
fo convective heat transfer in microchannels in micro-

heat exchangers.

Heat exchanger
Is1 degistirici

Sekil 3. Mikro-sistemn ve nano teknoloji (MINT)
laboratuvarinin - drettigi - mikro-isi - dedistirici Gio
yuzeyine yerlestirilmigtir [10].

Figure 3. Micro heat exchanger produced by
microsystern and nano technology (MINT) laboratory
is affached on a chip's surface [10].

Table 2. Characteristic data of the microheat exchanger
developed by karlsruhe research center [12]

> 100 bar
10-8 mbar /| s

Basing direnci

Yakum sikilig

16

Channel cross sections IS0 im0 U
200 um

Specific inner surface To 30,000 m?*/m?

Volume of micre-heat exchanger 1; 8,27 cm®

IMicro-heat exchanger thermal power To 200 kW

(for water)

IMaximum heating rate in a micro-heat To 15,000 K/s

lexchanger

Threughput per unit (for water) To 7,000 kg/h

Pressure resistance > 100 bar

Vacuum tightness 10-8 mbar /| s
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Sekil 4. Mikro-isi degistiricinin kesiti[11].
Figure 4. The cross-section of a microheat
exchanger[11].

Mikropompalar

1980%erin  basinda, Jan Smith ik  mikropormpayi
diyabetiklerin kan seker seviyelerinin korunmasl icin sk sk
igne yapllamasinin  yerine insdlin - dagtim  sistemi
kullanimasi icin - gelistirdi [13]. Mikropormpalann 25 villik
gelisimi Loser ve Santiogo tarafindan  haozirlanan
calismada bulunabilir [13]. Pompalar ve mikropompalar
Sekil 6'da verildigi gibi yerdegistime pompalan ve dinamik
pompalar olarak siniflandirlr,

Yerdegistime pompalannda basing kuvvetier, piston
ya da periyodik davranistaki diyafram ve digl ya da valf gibi
déner elemanlarla aract akiskan Uzerine uygulanir. Sekil 7
TUDelft [14] tarafindan tasarlanan, goz ve sivilar derin reaktif
iyon agindimall mikropompalar ve valfsiz - peristaltik
mikropompalar igin kullanidikion sonra atilabilen ilac
dagifim sisteminde silikon konfrol valf pompasini
Qgbstermektedir.

Doépper vd. [15] capl 596 um ve 1192 um ve yUksekligi

500 um olan 1 mil/dakikaya c¢ikan akis hiziyla yagd
pompalama ortfami olarak kullonan disli pormpalan (Sekil 8)
incelemiglerdir ve viskoz akiskanlann tam doz ayarlannin
olasiliklanni dnermislerdir.

Diglinin &zellikleri ve deneysel sonuglann &zeti Tablo 3 ve
4'de srasyla gésterilmigtir.

Mikropormpalann ficari bir uygulomasi olarak, Tablo
5de ozelikleri verilen ve Seki 9da fotodrafi gdsterilen
Aldoo Mikropompa  Sirketinin [16] bir  Grind,  yuksek

pnématik performansl mikropompa olarak sunulmustur.
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Sekil 5. Capraz akigl mikro-isi degistirici [12).
Figure 5. Cross flow microheat exchanger [12].

Micropumps

At the beginning of 1980s, Jan Smits developed the first
micropump for use in controlled insulin delivery systems for
maintaining diabetics' blood sugar levels without frequent
needle injections [13]. The progress over the past 25 years
in the development of micropumps can be found in the
review provided by Laser and Sanfiago [13]. The pumps
and micropumps are classified as displacement pumps
and dynamic pumps as given in Figure 6.

In the displacement pumps, pressure forces are
exerted on the working fluid by a piston or a diaphragm in
a periodic manner and a rofary element such as gears or
valves. Figure 7 shows a silicon check valve micropump for
disposable drug delivery systems, for gas and liquids deep
reactive ion etched (DRIE) micropumps, and a valveless
peristaltic micropump designed by TUDelft [14].

Dopper et al. [15] reported that gear pumps (Figure
8) using micro gear wheels with diameters of 596 and
1192 um and a height of 500 um using oil as pumping
medium with the flow rates of up o 1 ml min-1 have
been readlized and they offer the possibility of very
precise dosing of viscous fluids.

The properties of gear wheels and the summary of the
experimental results are given in Toble 3 and 4,
respectively.

A product of Aldoo Micropump Co., Ld [16]

presented as a high pneumatic performance

I7
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Displacement (yerdegistirme)

— Reciprocating (pistoniu)

dynamic (dinamik)

— centrifugal (sanfriflj)

I— diaphragm (diyafram)
drivers (surucd)
- piezoelectric (piezoelekirik)
- lateral (yanal)
- axial (eksenel)
- thermopneumatic (isilonématik)
- electrostatic (elekfrostatik)
- pneumatic (ondématik)
- valves (valfler)
- flap (kanaf)
- fixed-geometry (sabit-geometri)
- nozzle-diffuser (lUle-yayici)
- Tesla (fesla)
chambers (odaiar)
- single (fek)

- multiple/parallel (coklujparalel)

- multiple/series (peristaltic) (coklu/seri (peristalfik)

Electrohydrodynamic (elekfrohidrodinamik)
- injection (enjeksiyon)

- induction (induksiyon)

- conduction (ilefim)

— electroosmotic (elekiroozmotik)
- porous (gozenekli)
- micromachined (mikroislenmis)

| | magnetohydrodynamic (manyetohidrodinamik)

-DC
-AC

acoustic streaming/ultrasonic
(akustik akis ulfrasonik)

| | Rotary (dénen)

aperiodic
- pneumatic (opnématik)
- phase change (faz degdisimi)
- thermal (isil)
- electrochemical (elekfrokimyasal)
- electrowetting/thermocapillary
(elektro islatmalisilkapiler)

Sekil 6. Pompalar ve mikro-pompalarin siniflandirimasi [13].
Figure 6. Classification of pumps and micropumps [13].

1980'den beri Tablo 6 'da konfigurasyon, valf tipi ve
sUrUculerine bagl olarak &zetlenen, gidip gelme yer
degistirmeli mikropompalar, birkag  konstriksiyon icin
genis olarak calisimis ve rapor edilmistir. Bu tablo da
uygulanabilir mikropompa prototipleri dusunulmastar.

Dinamik pompalar; santriflj, elekirohidrodinamik,
elekirostatik, manyetohidrodinamik gibi ¢esitli gruplara
ayrilir. Araci akiskan dinamik pompanin tipine baglidr.
Omegin dielekirik akiskanlar elektrohidrodinamik

pompalar igin gerekli iken, elektroozmotik ve bazi

18

micropump whose properties are given in Table 5 and its
photo in Figure 9, since it constitutes an example for the
commercialization of micropumps.

Since 1980, reciprocating displacement micropumps
have been reported mostly and studied widely for a
number of constructions which are summarized in Table 6
with respect to configurations, valve types and drivers. In
this table,
micropumps are considered.

reported and applicable prototype

Dynamic pumps are further divided info various groups

Muhendis ve Makina Cilt ; 47 Sayi: 556




SEM Gf_i[_iEt- VE!'-'E—-..,_\
7 :

Sekil 7. Atilabilir llag salinim sistemi icin - silikon kontrol

valfierif14]. Sekil 8. 596 wm capl mikro disli pompasinin taramal elektron
Figure 7. Silicon check valve for disposable drug delivery mikroskobu (SEM) gérantiisti[14,15].
systems [14].

Figure 8. An scanning electron microscopy (SEM) view of a
micro gear pump with gear wheels of diameter 596 um

Tablo 3. Disli cark ézellikleri [15] [14,15].
Pompa 1 | Pompa 2 Table 3. Gear wheel properties [15]

Cap d,, (1tm) 596 1192 Pump 1 | Pump 2

Modil m (jum) 38 76 Diameter d, (um) 596 1192

Yerdegigtirme mesafesi oy (%) 20 20 Module m (um) 38 76

Saft mesafesi ay (um) 515 1030 Engagement angle o (°) 20 20

Dis sayisi Z 12 12 Distance of shaofts a, (um) 515 1030

YUkseklik h (um) 500 500 Number of teeth Z 12 12
Height h {um) 500 500

Tablo 4. Digli pompalarin deneysel sonuglarinin &zeti [15]

P ] P 2 Table 4. Summarized experimental results of the gear
ompa ompa pumps [15]
d 596 1192
Cap d, (um) Pump 1 Pump 2
Devir sayisi bagina yer 82 213 .
degistirme hacmi (nl) Diameter d, (um) 596 1192
Su sizinti orani (ul min™’ ol . Displaced volume per
hPa™) sl 2 revolution (nl) = AU
Su—gliserin sizinti orani ] a1 not
{nl_r?lin" hPa-! 20.3 &7 Leak rate water (ul min' hPa™) measured 2.5
Le.cl_(1 rate \:fcter—glycerln (nl 20.3 67
min"' hPa)

Tablo 5. Bir yUksek pndmatik mikro-pompanin &zellikleri [16]

Tip Voltaj Serbest akig Pl Ll Akim Boyut

vakum basing

CMP-11A 1.5-3V DC 0-0.5L/min -500mbar 600mbar 0.4A 17.5x26.5x36.5mm

CMP-11B 3vDC 2 L/min -700mbar 1 har 0.7A 17.5x26.5x45mm
Table 5. Properties of a high pneumatic micropump [16]

Type Voltage Free flow L LalEES Current Size

vacuum pressure
CMP-11A 1.5-3v DC 0-0.5L/min -500mbar | 600mbar 0.4A 17.5x26.5x36.5mm
CMP-11B 3V DC 2 L/min -700mbar 1 bar 0.7A 17.5x26.5x45mm

manyefohidrodinamik pompalar ¢esitli araci as cenfrifugal, electrohydrodynamic, —electrostatic,

akiskanlara sahip olabililer. Sekil 10 elekironik parcalan magnetohydrodynamic etc.  Working fluid depends on
sogutmak icin elektroozmnotik pompalarn ve mikro the type of the dynamic pump. For example,
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electroosmotic and some magnetohydrodynamic
pumps May have various working fluids where as dielectric
fluids are necessary for electrohydrodynamic pumps.
Figue 10 gives an idea about an electroosmotic
micropump for cooling electronic devices and a
micromachined electrohydrodynamic micropump.

Figure 11 includes a comparison of piezoelectric,

thermopneumatic and electrostatic driven reciprocating

displacement micropumps and electroosmotic dynamic

Sekil 9. Pnématik mikiopormoa [16). micropumps by considering the figures of merit for
Figure 9. Pneumatic micropump [16]. micropumps, namely, the flow rate, pressure generation

Sekil 10. Elekironik parcalarin sogutmasi Icin elekiroozmotik pompa [14].
Figure 10. Elecfro osmotic micropump for cooling electronic devices [14].

10°

self pumping frequency fip (min-1)
kendi-kendine pompalama frekansi

107

=3
10 i i a3 13l L L P I L L PR B W 1 L P B
107 10" 10’ 10 10¢

micropump approximate overall size S, (em3)
mikropompa yakiasik toplam buydkiigu S, (cm?’)

Sekil 11. Cesitli mikropompalarin karsilastirmasi [13]. (SP : Paket Boyutu, fsp : kendi-kendine
pompalama frekansi)

Figure 11. Comparison of several reported micropumps [13]. (SP : package size, fsp : Self-
pumping frequency)
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makinall elektrohidrodinamik pompalar hakkinda fikir
vermektedir.

Sekil 11 piezoelekirik, termopndmatik ve elkirostatik
sUriculd gidip gelen yer degistirmeli mikropompalaria,
elektroozmotik dinamik  mikropompalan; isimleri, akis
oranlan, basing Uretimleri ve genel boyutlan ile sayarak
kiyaslamalarnni igerir. Laser ve Sanfiago [13] piezoelekirik
sUrlcull gidip gelme hareketi yapan mikro pompalar &zel
bir ilgi alani konusu oldugunu ve ficar olarak ele
alinabildigini dinamik mikropompalann artan bir ilgi alani
oldugunu, elekiroozmotik mikropompalarn entegre devre
isll yénetiminin - birkagc  uyguloma icin - uygulanabilir

oldugunu belitmislerdir.

Mikrottrbinler
Mikrotlrbinler, duragan enerji Uretimi
uygulamalannda kullanilan yanmali tGrbinlerin yeni bir
fipidir. Mikroturbinler Uzerine bircok arastirmaci farafindan
cesitli calismalar yapiimaktadir. Kaneko vd. [17] biyokUtie
(organik atikiar) gaz ile yakilan kiguk boyutlu SOFC-MGT
hibrid sistemi Uzerine ¢alismistir. Traverso vd. [18] Distan
Yanmali Mikro-Gaz Tarbininin surekli ve gegici rejimde elde
edilen performanslanni gostermigler ve ¢evriimin kapali
durumda  tasanmini - gergeklestirebilmek  ve  dinamik
davraniglarini inceleyebilmek icin bircok test
uygulamiglardir.

Mikroturbinlerin uygulamalarn ve genis agiklamalar
Barney L.C.[19] tarafindan verimis ve asadidaki gibi
Ozetlenmitir,

Sekil 12 ve 13'te gorlldigu gibi nispeten kigUk
boyutlarda hem i1si hem de elekirik Ureten bir tip yanmali
tUrbinlerdir. Mikroturbinler, diger kiicUk boyutlardaki guc
Uretim teknolojilerine gére kiyaslandiginda  birgok
avantaja sahiptir. Mikroturbin gug Uniteleri genel olarak
iki sinifa aynlabilirler: Rekuparatdrsuz mikroturbinler (ya da
basit cevrimler) ve rekUparatérd mikroturbinler [19].
Verimleri %15 lyilegtiiimemis ve %20-30 iyilestiriimis
olarak séylenebilir. DUsuk NOx emisyon oranlanna (<9-

50 ppm) sahiptirler.
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and overall size.  Laser and Santiago [13] concluded that
piezoelectrically driven reciprocating displacement
micropumps  have been the subject of particular
aftention and now available commercially;  Dynamic
micropumps are a subject of increasing interest;
Electroosmotic micropumps are emerging as a viable
option for a number of applications, including integrated

circuit thermal management.

Microturbines

Microturbines are the newest type of combustion
turbines that are being used for stafionary energy
generation applications. Various studies about
microturbines were made by several researchers.
Kaneko et al. [17] studied a control strategy for a small
sized SOFC-MGT hybrid system fueled by biomass gas.
Traverso et al. [18] presented the steady-state and
fransient performance obtained by an Externally Fired
micro-Gas Turbine (EFmMGT) demonstration plant and
performed several tests to assess the off-design
behaviour of the cycle and then the dynamic
behaviour.

The extended definitions and applications of
microturbines are given by Bamey LC. [19] and
summarized as follows:

They are a type of combustion turbines that
produces both heat and electricity on a relatively small
scale as shown in Figure 12 and 13. Microturbines offer
several potential advantages compared to other
technologies for small-scale power generation.
Microturbine generators can also be divided into two
general classes: unrecuperated (or simple cycle)
microturbines and recuperated microturbines[19]. Their
efficiencies are 15% (unrecuperated) and 20-30%
(recuperated). They have low NOx(<%-50 ppm)
emmisison.

Microturbines are small combustion turbines
approximately the size of a refrigerator with outputs of 25
kW to 500 kW [19]. They evolved from automotive and
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Sekil 12. Mikro hava araglar igin mikrojet
motorlar [20].

Figure 12. Microturbojet engine for micro
air vehicles [20].

MikrotUrbinler, yaklasik olarak bir sogutucu
boyutlannda olup 25 kW'tan 500 kW'a kadar ¢ikis gucu
olan kucuk yanmali ttrbinlerdir[19]. Bunlar, otomotiv ve
kamyon turbosarj Unitelerinden, ucaklarda yardimei guc
Uniteleri ve kudgUk jet motorlan  gelistiriimisti. Cogu
mikrotarbinler yanma  odasi, kompresor,  alternatér,
tUrbin, rekUparatdr ve jeneratdrden olusur. Sekil 14 ve 15
bir mikroturbinin kesit gorintstnu vermektedir.

Mikroturbinler cogunlukla dakikada 40,000 devir ile
donerler. Havall veya yagl yatak secimi kullanima
baglidir. Dakikada 90,000 ile 120,000 gibi yuksek devir
sayllarna sahip tek saftl mikrotUrbinler kurulumu daha
kolay ve ucuz olan tasanmiar oldugundan en yaygin

olanidir. Bunun tersine parcal saft, AC gucun frekansini

Sekil 13. Tasinabilir elektrik gucy icin
mikroturboalternator [20].

Figure 13. Microturboalfernator for porfable
remote electric power [20].
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Hava yatagr

Rekipertor
yuvasi

Sekil 14. Bir mikrotdrbinin semasi [19].
Figure 14. Schematic of a microturbine [19].

fruck turbochargers, auxiliary power units (APUs) for
airplanes, and small jet engines. Most microturbines
consist of a combustor, compressor, alternator, turbine,
recuperator, and generator. The Figure 14 and 15
illustrates a cross-sectional view of a microturbine.

The microturbines generally rotate over 40,000
revolutions per minute. The bearing selectionail -or qir-is
dependent on usage. A single shaft microturbine with
high rotating speeds of 90,000 to 120,000 revolutions per
minute is the more common design, as it is simpler and
less expensive to build. Conversely, the split shaft is
necessary for machine drive applications, which does
not require an inverter fo change the frequency of the AC
power [19]. Khanna [21] stated that Epstein have been
made various studies on micro turbines under MIT
Microengine Project. A microturbine is shown in Figure 16.

CorGrewor
Kompresér
Hava

Elekirik
Jeneratdri

Sekil 15. Rekuparatdrit mikrotdrbin [19].
Figure 15. Recuperated microturbine [19].
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degistirecek donustiriclye ihtiyag duymayan makine
kullanma uygulamalar icin gereklidir [19]. Khanna [21]
Epstein'in MIT Mikromotor Projesi dahilinde mikrotUrbinler
Uzerine bircok calismalar yaphgini ifade etmistir. Bir mikro

turbin Sekil 16'da gosterilmistir.

Mikro ve Minyatr Isi Borulan

icinde sinterlenmig foz metal halinde kece bulunan ve
doymus sivi ihtiva eden geleneksel 1si borulan (Sekil 17) 1si
fransfer cihazi olarok elveriglidirler. Isi borusunun ¢ok énemili
bir ézeligi kicuk bir sicaklk dUsimuyle boru boyunca
bUydk mikfarlarda enerjiyi buharlastincidaki (1si kaynag))
sivinin buharasmasi, yogusturucudaki (isi kuyusu) buharn
yogusmasl ve kece icinde kical kuwet yardmiyla fers
yondeki sivi hareketi araciliglyla aktarma yetenegidir. Esas
olan HP boyunca 1si akisinin  ydnund anlik olarak
degisebimesi ve HPlerin stma ve sogutma amagli
kullanilabilmesidir [22].

Mikro s borulanndaki (MHP) mikro kanallar kiiguk hidrolik
caplanndaki akiskan akisinin oldugu kanallardrr. MHP'erin
hidrolik caplan 10-500 wm, minyatdr isi borulannin (mHP)
hidrolik caplan 2-4 mm araligindadir [23]. MHP'ler sensér ve
pompalarda, elekironik kol saatlerinde, akiif data akiarma
sistemlerinde, sicaklik dlcum gorintlleme sistemlerinde ve
sicaklk uyan sistemlerinde kullanimaktadir. MHPler ayni
zamanda oz biyolojik mikro-nesnelerin  isiflmasi ve
sogutuimasinda Umit vermektedir [22].

MinyatUr HP'lerde sinterlenmis gézenekli ince kanallara

sahiptir. Uggensel kiicUk oluklar sekinde metal iki duvar

b makale

Sekil 16. Bir yonga tabanli turbinin prototipi [21].
Figure 16. A profotype of a chip-based turbine [21].

Micro and Miniature Heat Pipes

Conventional heat pipes (Figure 17) with sinfered metal
powder wick inside saturated with liquid are convenient as
heat fransfer devices. A very important feature of the heat
pipe (HP) is the ability to fransport a large amount of energy
over its length with a small temperature drop by means of
liquid evoporation at the HP evaporator (heat source),
vapour condensation at the condenser (heat sink) and
liquid movement in the opposite direction inside a wick by
capillary force. Essential is the possibility 1o change the
direction of heat flow along the HP in time and to use HPs
for cooling and heating alfemately [22].

Microchannels in micro-heat pipe (MHP) are fluid
flow channels with small hydraulic diameters. The
hydraulic diameter of MHPs is on the order of 10-500 um,
the hydraulic diameter of miniature heat pipe (MHP) is

Sekil 17. Geleneksel isi borusu semast. (1) HP kabi, (2) gbzenexli fitil, (3) buhar kanall, (4) buhar ve, (5) sivi [22].
Figure 17. Conventional heat pipe schematic. (1) HP case, (2) porous wick, (3) vapour channel, (4) vapour, and (5) liquid [22].
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arasinin i¢ ydzeyine yerlegtirimis bu ince kanallar mikro si
borulan gibi caligiriar.

Araci akiskan olarak su, metanol ve propan
kullaniimaktadir. mHPler genellikie dUz veya duzelfiimis (1-3
mm  kalnlk), 4-6 mm geniglikte ve 150-300 mm
uzunluktadrr [23]. Launay vd. [24] elekironik sogutma
amagclar icin gelistirdikleri silikon yapill ince kanallann icine
yerlestiriimis mikro 1si borulan Uzerine calismigladr.  Lefévre
ve Lallemand [25] dUz MHP duvarlan iginde hem sivi hem
de buhar akssl icin MHP duvarlanndaki sicakigin® analitik
¢6zUmU igin bazi ¢dzUmler ortaya koymuslardir.
Baglonmayan devre karflanndan 1si gecisini- arfirabilmek
icin gelistirlen 90° egimli MHP'lerin efkili bir kece tasanmina
intiyact vardr, Sekil 18.

Sekil 18. Mikro-isi borulari kullanan bir yuksek
performans isi Kuyusu [26].
Figure 18. A high performance heat sink using
micro heat-pipes [26].
Aldrminyum ve bakir gerifler isi kuyusunun Uzerinde sirasiyia
40 °C'den 95 °C'ye sicaklk arfisi gdsteriken bazi mHP'ler boru
boyunca 1si kuyusu Uzerinde sadece 5-7 °Cllik sicaklik arfigiyia

nerdeyse izotemnal sicaklik bdlgesini saglariar.

Kryojenik-Sogutucular

DUsUk sicakliklarda calisan  sistemler  kryojenik
sogutucular olarak tanimlaniiar. Kryojenik sicakik aralig
120 K'nin attindaki sicaklikiar olarak tanimlanirar ve kryojenik
sogutucular kryojenik sicakliktan oda sicakligina kadar olan
aralikta ¢alsiriar.
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on the order 2-4 mm [23]. MHPs are interesting fo be
used in implanted neural stimulators, sensors and
pumps, electronic wrist watches, active fransponders,
self-powered temperature displays, temperature
warning systems. MHPs are promising to cool and heat
some biological micro-objects[22].

Miniature HPs have a sintered porous wafer with
arteries. This wafer is sintered between two metal walls
with triangular mini-grooves on its inner surface working
as micro-heat pipes. Working fluid is water, methanol
and propane. The mHPs are used often flat, or flattened
(1-3 mm thick), 4-6 mm in width and 150-300 mm in
length [23]. Launay et al. [24] studied micro-heat pipe
arrays etched info silicon wafers have been investigated
for electronic cooling purposes. Lefévre and Lallemand
[25] presented an analytical solution for both the liquid
and vapour flows inside a flat micro-heat pipe (MHP)
coupled to an analytical solution for the temperature
inside the MHP wall. The mHPs require an effective wick
design because they are made with 90° bend to
improve heat transfer from circuit boards that do not
plugin, Figure 18.

Some mHPs ensure nearly isothermal temperature field
along its entire length with a temperature rise above the
sink only 5-7°C, when the copper and aluminum strips
exhibit a temperature rise above the heat sink near 40°C to
95°C respectively [27].

Cryocoolers

The systems work in the lower femperatures defined as
cryogenic refiigerators. Cryogenic temperature range
defined as temperatures below 120 K and cryogenic
refiigerators operates in the temperature range from
cryogenic up fo room temperature.

Radebaugh [28] summarized the ways 1o achieve
cryogenic temperatures as follows:  First, the solubility of
lubricating oil in the working fluid at such low
temperatures is extremely small and excess will freeze

and cause plugging of the expansion channels; thus
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Radebaugh [28] kryojenik sicakliklann gerceklestirildigi
yollan su sekide &zetlemistir:  Birincisi, bdyle dusuk
sicakliklarda, araci akiskandaki makine yaginin
¢c6zUnebilirigi oldukga dusuktir ve fazla olanlar donar ve
genisleme  kanallannin - tikanmasina neden  olur; bu
yUzden kompresor yagsiz olmalidir ya da sistem bdyle
dusuk sicakliklara ulasmadan énce yagi uzaklashirmak
icin karmagk proses sistemi kulloniminda yag ayinci
ekipmana sahip olmalidrr; ikincisi oda  sicakliklanndan
kryojenik sicakliklara gerceklesen izentalpik (sbt. entalpi)
islemlerinde genisleyebilecek bir sivinin olmamasi gerekir
ve hatta iyilestirme islemi ile ilgili basing genisleme sonrasi
boyle sicakliklar gerceklestirmek icin ik basincin ¢ok
yUksek olmasi gerekir. Boylece Joule-Thomson kryojenik-
sogQutucudaki gibi genislemeden dnce ylksek basingli
Qaza 6n sogutma gereklidir.

Radebaugh [28] gecmis villarda kryojenik sicakiklarnn
genel olarak rejeneratif kryojenik-sogutuculann kullanimiile
gerceklestirldigini rapor etmistir. Termo akustik, Stiling vurus
fUplu  sogutucu gibi rejeneratif sl sistemlerde
minyatUrlestrme  arfan ¢alisma frekanslan ile saglandi.
Stiring kryojenik-sogutucu ve vurug tuplt kryojenik-sogutucu
fipik olarak 20'den 70 Hz'e kadar olan frekans aralikiannda
calsirlar ve kompresorlerinde valf yoktur. Ydksek frekansl
Stiling  kryojenik-sogutucularda valf  eksigi - sogutucuya
yuksek verim saglar.

Yuksek ¢&zUnUUkIa gece Qorasu icin kizl  Gtesi
sensdrlerin 80 K civanna sogufulmasi  kryojenik-
sogutuculann en buytk uygulomalanndan bir tanesidir.
Sekil 19 kizil dtesi sensorlerin hizl sogutulmasinda kullanian
kigUk Joule-Thomson  kryojenik-soQufuculann soguk 1si
degistirgecini ve genisleme agzini gdstermektedir. Joule-
Thomson kryojenik-sogutucusunun  soguk ucunda
hareketli parca olmamasindan dolayr kicuk dlceklerde
olabilir [28].

GoruntUleme islemi icin genel olarak kizil &tesi
sensorlerin 80 K'e sogutulmasinin ticari uygulamalannda
kullanilan ktcuk ticari Stifling kryojenik-sogutuculan sekil
20'de gorulmektedir. 80 Kde 0.15 Wik bu sogutucuda
sadece 3 Wik giris gucune intiyac duyulmaktadir.
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the compressor must e oil free or the system must have
oil removable equipment utilizihg complex process to
remove the oil before it reaches such low temperatures;
second, no fluid exists which can be expanded in an
isenthalpic process from room temperature to
cryogenic temperatures; even with a recovery process
the initial pressure would need fo impractically high to
achieve such low temperature after expansion; thus, it
is necessary to precool the high pressure gas in heat
exchanger prior to the expansion like in the Joule-
Thomson cryocooler.

In the past decades cryogenic femperatures are
commonly achieved by the use of regenerative
cryocoolers which have been reported by Radebaugh
[28]. In regenerative thermal systems, such as
thermoacoustic, Stiling, and pulse tube refrigerators,
miniaturization is offen accompanied by increased
operating frequencies. The Stiling cryocoolers and some
pulse tube cryocoolers typically operate at about 20 1o 70
Hz frequency and have no valves in compressor, The lack
of valves in the
higher frequency
Stiling  cryocoolers
gives them higher
efficiency.

The cooling of
infrared sensors to
about 80K forhigh
resolution night
vision, primarily for
the military has
been one of the
l ar ge st
applications of
cryocoolers.
Figure 19 shows

the cold heat

exchanger and Sekil 19. Joule-Thomson mikro-

) . Kkryojenik sogutucu [28].
expansion orifice  Figure 19. Joule-Thomson micro
of a small Joule- Cryocooler[28].
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Sekil 21'de kizil &tesi sensérlerini ya da  uzay
uygulomalannda T. super iletken elektroniklerinin
sogutulmasi icin gelistiilen minyatdr vurus tUplerini
gostermektedir. 80 Kde 0.5 Wik sogutma guct saglar.
Soguk ylzey bu parcalarn ortasindadir.

Yuksek frekansl yeniden yapilandirmali kryojenik-
sogutucular, 1sil girisim az olmasi gerektiginden, hidrolik
caplar genel olarak 50 pm'den az olanlarn
kullaniimaktadir.

Uzay uygulamalar ayrnica mikro olcekli s
degistirgecindeki buylk ilgiyle meydana gelen kryojenik-
sogutfuculann boyutlannin azaltimasindan yararianiriar.

Uzay ve askeri uygulomalarn yaninda kryojenik-
sogufucu kateter gibi fibbi uygulamalarda da
kullanilirlar. 3 mm yada daha dustk gapli kateterler, atar
ve toplar damarlar boyunca ic organlara gecme
yetenegine sahiptir. Tip camiasina, vicudu kesmeden
dahili organlarin Uzerinde cihazlarla operasyon
yapabimeyi saglar. Sonug olarak kateter kullanimi
iyilesme suresini hizlandinr, maliyetleri azaltir ve sikca
riskleri azaltir.  Kryojenik kesip-cikarma suresince kanser,
tumdér yada yanlis islevli dokular gibi istenmeyen
dokularin alimi kryojenik  kateterlerle gergeklesir.
Radebaugh [29] kroyojenik kateterleri ve tip bilimindeki
uygulomalan calismis ve bazi durumlarda  Joule-
Thomson ¢evriminin yUksek ve dustk basinch akiskanlann

arasinda minyatdr 1si degistirgecine soguk ucta intiyag

Sekil 20. Stirling mikro-kryojenik sogutucu [28].
Figure 20. Stirling micro cryocooler [28].
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Thomson cryocooler used to rapidly cool infrared
sensors. Because there are no moving parts af the cold
end of the joule Thomson cryocooler it can be scaled
downto smaller sizes [28].

The smallest commercial Stiling cryocooler used
primarily for commercial applications of infrared sensor
cooling fo 80 K, such as for process of monitoring is shown
in Figure 20. Only 3 W of input power are required for this
coolerto produce 0.15W of cooling af 80 K.

Figure 21 shows a miniature pulse tube cooler
developed for cooling infrared sensors or high T
superconducting electronics in space applications. It
provides about 0.5 W of cooling at 80 K. The cold surface is
in the middle between these components.

Hydraulic dioameters less then 50 um are commonly
used in high frequency regenerative cryocoolers since the
hydraulic diameters must be less than thermal
penetration.

Space applications also benefit from a reduction in
the size of cryocoolers, which has brought about
considerable inferest in microscale heat exchangers.

Besides the space and military applications the
cryocoolers are used in medical applications such as
catheters. Catheters with diameters of 3mm or smaller are
capable of accessing many intemal organs through

arteries and veins. They

Cold end

provide the medical Cogul UG

community with fools to
operate on internal
organs without the need
o cut through the body to

gain access. As a result

Aftercoolar
Arka sogutucu

Compressor
Kompresor

the use of catheters
greatly speeds recovery
fimes, reduces costs, and

Passive

. balancer

often reduces risks. The Pasif
dengeleyici
removal of unwanted  sekil 21. Stirling kryojenik

sogutucu [28].
Figure 21. Stirling cryocooler

tumors or malfunctioning  [28

fissue, such as cancer
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duyulacagini ve boyle 1si degistirgeclerinde 100 um'den
az hidrolik caplann yuksek verim ve yuksek s akisi
yogunlugu saglayacagini not etmigti.  Dik  sicaklik
basamaklanna, normal dokulara fazla zarar vermeden
kanser tumdérleri ya da istenmeyen dokulann yok
edilmesiicin intiyac vardir. Boyle bir intiyac kateter ucunu
mUmkin oldugunca sogutfarak karsilanabilir. Bununla
beraber Joule-Thomson ¢eviimi ile bdyle dustk
sicakliklan gerceklestirebilmek yUksek sogutucu akisina
ihtiyac duyar cunkd dustk sicaklk sogutucularnnin
buharlagma 1sisi yuksek kaynama nokfasi olan
sogutucudan daha azdir. Sogutucu akis orani kateter
capiylasiniridir[29].

Sekil 22'de buz topla ceviilimis tipik kateter ug
gérinmektedir. Sogutucu uca kugUk tupler gelir.
Sogutucu ucun iginden Ist emer ve eg eksenli tuplerle
olusturulmus halkall bdlgede ugtan aynlr. Pek ¢ok
durumda sogutucu, kateterleri terk edince, atmosfere
clkar. Baska durumlarda kucuk ic tupler boyunca
kateterde ¢evriimek tzere kompresodre giris yapar [29].

Eger kateter boyunca sicaklik vicut sicakligindaysa
ve sadece ug kismi sogutuluyorsa, tfasanm amaci olan
150 K'nin altindaki sicakliklarda, kateter ucunda minyatr
151 degistirgeci icermelidir. Sekil 23 1s1 degistirgecinin ve
kateterin ucunun fotografidir. Soguk ugtaki mikro s
degistiricileri paslanmaz ¢elik pullarla ardisk bakinn

delinmis plakalarla birlestirimesiyle imal edilir. Sekil 24'de

Sekil 22. Buzla gevrilmis eseksenli kateterin kesit
goérunusu [29]

Figure 22. Cutaway view of a coaxial catheter
surrounded by an ice ball [29].
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fissue can be caried out through cryoablation with
cryogenic catheters. Radebaugh [29] studied the
cryogenic catheters and their applications in medical
science and noted that in some cases a miniature heat
exchanger between  high and low pressure streams of a
Joule-Thomson cycle may be required at the cold tip and

hydraulic diameters less than 100 wm are required in such
miniature heat exchangers to provide high effectiveness
and high heat flux densities. Steep temperature gradients
are required for the destruction of cancer tumors or other
unwanted tissue without excessive damage to surounding
nomal tissue. Such a requirement can be met by making
the catheter tip as cold as possible. However, achieving
lower tfemperatures with a Joule-Thomson cycle requires
higher refrigerant flow rates because the heat of
vaporization of lower temperature refrigerants is less than
that of refrigerants with higher bailing points. The refrigerant
flow rafe is limited by the catheter diometer [29].

Atypical cryogenic catheter tip with a surrounding ice
ballis shown in Figure 22. The refrigerant is brought in to the
fip through the smaller inside tube. The refrigerant absoros
heat from inside the fip and exists from the tip through the
annular region formed by the coaxial tubes. In many
cases the refrigerant may be vented to the atmosphere
once it leaves the catheter. In other cases it will enter a
compressor fo be circulated back info the catheter
through the smallinner tube [29].

If the length of the catheter is to be af body
temperature and only the tip is to be cooled, a miniature
heat exchanger must be incorporated in the catheter tip
when temperatures below 150 K are required which is the
design goal. Figure 23 is a photo of the heat exchanger
and tip of the catheter. The micro-heat exchanger af the
cold end is fabricated by diffusion bonding perforated
plates of copper alternated with stainless steel spacers.
The catheter shown in Figure 24 fast cool downs and
warm ups of about 2 minutes between room
temperature and 150K. The lowest temperature

achieved was 85K with no load on the cold end. Typical

29
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Qgosterilen kateter oda sicakiigi ve 150 K arasinda 2
dakika civarnda hizli isinir ve sogur. Soguk ugta yiksiz
gerceklestilen en dustk sicaklik 85 K'dir. Tipik calisma
kosullan soguk uca ilave isi eklenmesinin 3 W olmasiyla
140K'dir.

Sekil 23. Bir dime (= 10 sent) yaninda katetfer soguk ucu [29].
Figure 23. Catheter cold end resting on dime [29].

Absorpsiyonlu Isi Pompalari

Kloroflorokarbon (CFC) bileseninin ozon tabakasi
Uzerinde vyikici eftkileri, arastrmalan alternatif sogutma
sistemlerine ydneltmistir. CFC'nin yikici etkilerini azaltmak
icin ve kdresel Isinma icin gesitli sistemler yogun olarak
caligiimigti. Bu problemlere cevaplardan biri CFC-
tabanl ozona zarar veren iklimlendirme  cihazlannin
altenatifi olan cevreci Absorpsiyonlu Isi Pompalarinin
kullanimidir. Absorpsiyon sistemleri genel olarak iki cesit
akis ciffi kullanir. Amonyak-su ¢ifti sivi ve buhar fazlanni her

ikisinde sicaklik ve konsantrasyon basamakiarnin

Tablo 7. Absorplayicili prototio boyutlar [30]

Boru dig ¢api, mm 1.575
Boru ig capi, mm 1.067
Boru duvar malzemesi ve isil iletkenligi E«Ls;lii?muz
Boru boyu, m 0.140
Sira bagina boru sayisi 27
Gegis bagina boru sayisi 16
Gegis sayisi 5
Boru caproz araligi, mm 4.76
Sira dikey araligi, mm 4.76
Emici yOksekligi, m 0.508
Toplam yizey alani, m? 150

operating conditions were 140 K with about 3 W of
additional heat addend to the cold end.

Sekil 24. Havaya maruzken 140 K'e sogutulma sirasinda
ucunda mikro-isi degistirgecli kryojenik kateterler [29].
Figure 24. Cryogenic catheter with microheat exchanger
in fip during cooling o 140 k while exposed fo air [29].
Absorption Heat Pumps
The destructive effect of chlorofluorocarbons (CFC)
compounds on ozone layer prompted the researches
to alternative refrigeration systems. To decrement the
destructive effect of CFC and the global warming
various systems are studied heavily. One response to
this problem is the use of the absorption heat pumps
which are environmentally sound and energy-efficient
alternatives to CFC-based, ozone depleting space-
conditioning systems. Absorption systems commonly
utilize two different kinds of fluid pairs. The ammonia-
water fluid pair has a volatile absorbent, presenting heat

and mass transfer resistances across the respective

Table 7. Prototype absorber dimensions [30]

Tube outer diameter, mm 1.575
Tube inner diameter, mm 1.067
Tube wall material and thermal conductivity g::;ll%s
Tube length, m 0.140
Number of tubes per row 27
Number of rows per pass 16
Number of passes 5
Tube transverse pitch, mm 4.76
Row vertical pitch, mm 4,76
Absorber height, m 0.508
Total surface area, m? 1.50
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kendilerini 1s1 ve kitle gegisi direnci boyunca gdsteren
buharlasabilen emiciye sahiptir. Amonyak su akiskan cifti
sivi buhar ara ylzeyinde sividan sogutucuya gecis
olmasi gereken absorbe edilen isinin bir miktanni serbest
birakir [30].

Garimella [30], giis modeli olarak secilen fipik
tasanm kosullanyla tek-etkili 1s1 pompasinda hidrolik
sogutuculu emici tasanmini yapmak icin kullanilan
amonyak-su  absorpsiyonu icin yar ampirik model
gelitirdi. Bu emici 10.55 kW 6zel 1sl pompasi sogutma
yuku icin ve 19.3 kW absorpsiyon yuku igin tasarlandi.
Analizde sonuc tasanmi 1.587 mm x 17 mm lik 40 uzun
tUplU 15 tap sirall 5 gecisten olusur. Emici prototipi bu
analize bagl olarak imal edilmigtir. Sekil 25 ve Tablo 7
emici tup duzenini, tupun kesit yapisini ve
termokupullarile levha kaplamalari sirastyla gésterir.

Garimella buharlasabilen emiciler yaninda
buharlasamayan emicileri de ¢calismigtir [30]. Garimella
tarafindan  geligtirilen  distribGtdr batin sira boyunca
tUplerin Uzerinde damla olusmasini ¢6zUmU saglayan
tabanda piring ile kaplanmis 15.9 mm uzunlugunda pek

cok mikrokanala sahip tablalardan olugur [30].

b makale

temperature and concentration gradients in both the
liquid and vapour phases. The ammonia-water fluid
pairs release a considerable amount of heat of
absorption at the vapour-liquid interface that must be
fransferred across a liquid into the coolant [30].

The semi-empirical model for ammonia-water
absorption developed by Garimella [30] was used to
design a hydraulic cooled absorber for a single-effect
heat pump with representative design conditions
selected as inputs to the model. This absorber was
designed for a 10.55 kW cooling load residential heat
pump i.e. an absorption load of about 19.3 kW. The
resulting design in that analysis consisted of 5 passes of
15 tube rows each with 40, 1.587mm OD x 127 mm log
fubes per row. A prototype absorber was fabricated
based on the analyses. Figure 25 and Table 7 shows the
absorber tube array, crisscross structure of the tube,
baffle covers with thermocouples, respectively.

Besides the volatile alosortoents, non volatile absorbers
are studied empirically by Garimella [30]. The distributor
developed by Garimella [30], the fray has numerous
microchannel tubes of 15.9 mm length brazed into the

bottom to ensure that solution supply droplets form

directly above the tubes across the entire array.

Sekil 25. Mikrokanal absorplayicili prototipi [30].
Figure 25. Microchannel absorber prototype [30].
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Minyaturlesmeyle ilgili iki dnemli gdzlem yapilmistir;
birincisi mikrokanal tUpleri kullanimi amonyak-su  gibi
buharlasabilen emicili buharlastincili sistemlerde parga
boyutlannda énemli azalmalara neden olur. ikincisi sivi
faz akisl U¢ modelde gerceklesir: Dusen film, damla
formasyonu, damla distsu etkisidir [31].

Killion ve Garimella [31], dusen film
absorpsiyonunda isi ve kutle gecis ¢iftinin modellemesi
Uzerine calismiglardir. Killion ve Garimella [32] i1si ve kutle
absorpsiyonu  LiBr/H,O'nun laminer dikey filminde
absorplamanin &zellikle basitlestirimis hali  Uzerine
odaklanmiglarve damlaciklar ve Waveson yatay tup ve
film hidrodinamigi yUzey islakligi ve buhar fazindaki isi
gecisi islemlerinde 1s1 ve kutle gecisinin potansiyel

efkilesimi Uzerine yogunlasmuslardir.

Sonug
En cok bilinen akiskan-MEMS araglarn, tasanm
parametrelerini anlamayi saglamakicin, arastinimist.
Mikro-isi

mikrotdrbinler, mikro ve minyatlr s pompalar,

degistiriciler, mikropompalar,

kriyojenik-sogutucular ve absorpsiyonlu I1si pompalar
ayinct 6zellikleri belirtilerek tanmiimigtir. Yakin gelecekte
buyldyecek pazar igin, son on yilda ortaya cikan MEMS

arastirmalari, dnemli kanitir.
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