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ONSOZ

“MISAG-49 Giines Radyasyon Bilesenlerinin olcalmelerinin Teorik Sonuglarla
Karsilastiriimasi ve Giines Kollektorlerinin Verim Hesabinda Degerlendirilmesi” baslikli
proje merhum Prof.Dr. Ersoy Tasdemiroglu tarafindan onerilmig ve TUBITAK
tarafindan desteklenmesi uygun gorilerek 1. 8 1993 tarihinde proje ¢aligmalarina

baglanmustir.

TUBITAK mn destegi ile satn alnan glnes radyasyonu dleme  sisteminin
kurulmast ve olgme verilerinin degerlendirilmesine baslanmast sirasinda, Prof.Dr. Ersoy
Tasdemiroglu’nun vefati sonucunda proje caligmalart gok ciddi boyutta aksamustir.
Prof Dr. Ersoy Tagdemiroglu’nun gayreti ve 6zverisi ve TUBITAK nin gok olumlu
destegi ile saglanan deneysel caligma imkanlar tig Y. lisans ogrencisinin tez caligmasinda
etkin olarak degerlendirilmis ve gunes enerjisi ile ilgili deneysel arastirmalarda cok

belirgin gelisme ve iyilesme saglanmistir.

Bu baglamda, projeyi Oneren ve vefatina kadar gayret ve ozveri ile yoneten
merhum Prof.Dr. Ersoy Tagdemiroglu’nun amsina icten saygilarimizi ve sagladig
destekle O.D.T.U. Makina Mihendisligi Bolumiinde gunes enerjisi Olgme ve

degerlendirme sistemi  kurulmasin gerceklestiren TUBITAK'na tesekkiirlerimizi

sunariz.
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GENEL

“MISAG-49 Gunes Radyasyon Bilesenlerinin Olciimlerinin Teorik Sonuglarla
Karsilastinlmast ve Gines Kollektorlerinin Verim Hesabinda Degerlendirilmesi” baslikli
proje Prof.Dr. Ersoy Tasdemiroglu tarafindan onerilmig ve TUBITAK tarafindan

desteklenmesi uygun goriilerek, 1. 8. 1993 tarihinde proje calismalar baglatilmigtir.

Arastirmanin proje Onerisinde belirtilen amag ve kapsami iki temel baslik altinda

aciklanabilir, (Bkz. Proje Onerisi-PROJENIN AMACI),

Toplam giines radyasyonu ile beraber direk ve difiiz bilegenleri bir yil boyunca
surekli olarak olcilecek ve aliman olgimler teorik metodlarla hesaplanan degerlerle
karsilastirilarak yeni bagntilar aranacaktir. Ayrica toplam ve direk glines radyasyon
seviyelerinin diizlem ve parabolik kollektorlerin verimlerine etkileri arastinlarak yeni

tasarimlar uzerinde ¢aligtlacaktir.

Yapilacak arastirmamin yani sira, projenin saglayacagi maddi katkilarla ODTU
Makina Miihendisligi Bolumiinde bulunan iki prototip gunes evi ve bazt kollektor
sistemlerine eklenecek modern olguim aygitlari ve yeni kollektorlerle birlikte kuguk ¢apta
bir gines enerjisi isitma ve Olgim sistemleri parki kurulmasi planlanmaktadir. Proje
boyunca bu deneysel sistemler Gzerinde iki yiksek lisans ©grencisinin tez konulanyla
ilgili olarak arastirma yapmalan ve proje bitiminden sonrada Boliimin lisans
ogrencilerinin  bazi derslerinde ~ demonstrasyon projelert olarak kullanilmalar

distinilmektedir.

Projenin 1. Amacina yonelik calismalar Prof.Dr. Ersoy Tasdemiroglu tarafindan

yonetilmis ve projenin 1. ve 2. Gelisme Raporlarinda belirtildigi tzere;

- Giines radyasyonu olgme sistemi igin teknik sartname hazirlanmis ve toplanan
tekliflerin degerlendirilerek proje amacina ve biitce imkanlarma uygun sistem

belirlenmis ve siparig verilmistir.




- Gines radyasyonu olgme sisteminin, montaji yapmsg ve 0.D.T.U. Makina
Miihendisligi Bolimiunde kurulu meteoroloji istasyonu ile birlikte-uyumiu galismasi ve
sistemin teknik sartnameye uygunlugunun belirlenmesi amaciyla kabul deneyleri
yapilmis ve ilgili arasurmacilar (tez ogrencileri) sistemin isleyisi ve kullanimi
konularinda egitilmigler ve sistemin kabul islemleri tamamianmugtir.

- Proje kapsaminda satin alinan piranometre (Toplam giines radyasyonu dlgmeleri igin),
pirheliometre (direkt-yonsel gunes radyasyonu olgmeleri igin) ve 207 sicakhik Olgme
probu ve kalkan: (difliz-sagilmis glineg radyasyonu ol¢meleri igin) modem-anabirim ve
olgme kayt biriminde olusan donanim, Makina Mihendisligi Bolimundeki
meteoroloji istasyonunun hava sicakligi, hava basinci, hava nemi, rizgar hizi ve yond,
yagis miktari olgme sistemleri ile butiinlestirilmistir. Ol¢melerin-deney boyutlarin
kullanimu icin gelistirilen bir yazilimla (Giines-15 dak. Par) belirtilen meteorolojik
verilerle ayrintili gineg radyasyonu bilesenlerin anhk degerleri ile 15 dak. aralikla
kaydedilen onceki degerleri kullanicilarm yararlanmasina sunulmustur.

- Giines radyasyonu direk ve diftiz bilesenlerinin dlgilen degerlerinden yararlanarak
matematiksel bir model gelistiriimesi ve bu modelin gunes radyasyonu olgmeleri
yapiimadan toplam, direk ve difiiz bilesenlerinin hesaplanmasinda kullanimina yonelik
calismalar baslatilmistir. Bu caligmalar kapsaminda gunes radyasyonuna deney
kayitlarinin ilgili diger meteorolojik verilerle uyumu ve dogrulanmast igin deney

kayitlarmn degerlendirilmesine baslanmustir.

Projenin 2. Amact dogrultusunda ise ug yiksek lisans tez ¢aligmast
tamamlanmistir. Bu ¢aligmalardan ikisi parabolik U-tipi gunes kollektoru uygulamalar,
biri ise giinesli su distilasyon (aritma) sistemleri ile ilgilidir. Ilk iki tez caligmasi Prof.Dr.
Riknettin Oskay tarafindan yonetilmig, lguncu tez calismast ise Prof.Dr. Ersoy
Tasdemiroglu’nun  yonetiminde baslatilmis, vefatindan sonra Dog.Dr. Arif leri

yonetiminde sonuglandirimustir.

Projenin 1. amacina yonelik galiymalar Prof.Dr. Ersoy Tasdemiroglu’nun vefati
nedeniyle siirdurtilememistir. Bu nedenle raporun bundan sonraki boliimlerinde proje
kapsaminda gerceklestirilen  tez calismalarma iligkin  bilgi verilecektir. Bu tez

calismalarinda proje butgesinden yararlanilarak satin alinan olgme donammu etkin olarak

kullanimustir.




1. Tez Cahismasi:

PARABOLIK GUNES KOLLEKTORUNUN DEGISEN YUK VE GUNES
ISINIMI ALTINDA VERIM ANALIZI

Tez Ogrencisi : Abdurrahman Sahin
Tez Yoneticisi Prof. Dr. Riiknettin Oskay
Eyliil 1994, 108 sayfa
0z
Bu calismada, ODTU Makina Mihendisligi Bolimiinde geligtirilmis bir parabolik
kollektor verimliligi artirmak ve standardlara uygun performans deneylerine uyum
saglamak amaciyla iyilestirilmig; TS 4801 ve ASHRAE 93-1986 standardlarina uygun

olarak degisken yuk ve giines 1gimnim altinda denenmustir.

Kollektoriin verimliligini artirmak igin iki ve standard kosullara uyum saglamak
icin bir olmak tizere meveut kollektorde tg ivilestirme yapildi. Birinci iyilestirme; giinesi
Dogu-Bati yoniinde egiklik agisint da  degistirerek izlemek i¢in yapilan mekanizmadir.
ikinci iyilestirme 1ginimla olusan 1s1 kayiplarin azaltmak icin kollektoriin cam borusunun
dis yiizeyine yapistirilan yansitict gerittir. Uciinciisii ise performans testlerini standard

kosullarda yapabilmek i¢in kollektor su girisine eklenen elektrikli 1siticidir.

Bu iyilestirmelerden sonra, isi tastyict akiskanin (suyun) debisi ve kollektor
girisindeki sicakligi degistirilerek performans deneyleri yapilmugtir. Kollektor verimlilik
grafikleri AT/Gc"ye bagh olarak cizilmig ve dort farkhi su debisi i¢in toplam 1s1 kayip
katsayilart bu grafiklerden hesaplanmistir. Toplayici (sogurucu) borunun ve disindaki
cam borunun yiizey sicaklik dagilimlan olgilmuis ve kollektor girigsindeki su sicakligina
bagh olarak grafikler ¢izilmigtir. Bu sonuglardan vyararlanarak kollektoriun verimini

etkileyen onemli degi§kenlerjbelirlenmistir.

Anahtar Kelimeler - Parabolik Kollektor, [zleme, Yansitict Serit.

Bilim Sayisal Kodu : 625.04.02




GIRIS

Diiz yuzeyli-levha tipi gunes kollektorlerinde ulasilabilecek en yiiksek sicaklik
duzeyi, ozellikle yuksek sicaklik gerektiren uygulamalar, ornegin 1sil gu¢ uretimi,
endiistriyel amagli 1s1 tretimi ve metal ergitme. igin oldukea disuk ve yetersizdir. Gunes
enerjisinden yararlanan-yuksek sicakliktaki doniistirim sistemleri, giines 1gimasint nokta
veya ¢izgi boyutuna yogunlastiran kollektorlerdir. Bu calismada, yogunlagtirma oram
oldukca disik (~20) ve galigma sicakligi (90°-200°C) arasinda olan biri parabolik gunes
kollektorlerinin performansini iyilestirmeye yonelik ki degisiklik uygulanmis ve bu
degisikliklerin performans tizerindeki etkileri TSE ve ASHRAE’nin 6ngordugi deneysel

stirec i¢inde belirlenmistir.

GELISME

ODTU Makina Mihendisligi Bolumiinde bir Y. lisans tez calismast kapsaminda
1987 yilinda gelistirilen parabolik gtines kollektoriintiin giines simasimin izleme dizenegi
(dogu-bat) boyutuna ek olarak egiklik agisimn da degistirilebilecegi bir mekanizma ile
donatilmig ve 1s1ma ile olugan 1s1 kayiplarim azaltmak icin kollektoriin cam borusunun dis
yliziine yansitici serit yapigtirilmistir. Kollektorin sogurucu borusunun dig yiizeyl segici
yiizey ozelliklerinin saglayan boya ile kaplanmig, yuzeyin sogurma ve yaymim katsayilan

olculmustir. (o, =09 ve €= 0.3).

Kollektoér performans deneylerinin yapabilmesi igin, 1s1 tasiyici ortamin (suyun)
kollektore giris sicakligimn belirli bir deney sirasinda sabit tutulmast ongorilmistar. Bu
kosulu saglamak igin 1sitma gicu denetlenebilen ve toplam kapasitesi iki kademeli (1.2 +

2.6) kW olarak segilmig bir elektrikli su isiticist imal edilereke kollektor su girig hattina

baglanmustir.

Kollektorin performans deneylerinin yapildigs test diizeni ana hatlartyla Sekil.1’de

verilmistir.  Kollektortin ve  test diizeninin temel elemanlarinin  dzellikleri asagida

siralanmustir.




a) Kollektor:
Parabolik U tipi - Su Sogutmal Sogurucu Eleman: Capt 37 mm, uzunlugu 1455 mm
Cr-Ni paslanmaz celik boru, kaplamasiz sogurma katsayist 0.3. uygulanan segici
yiizey kaplamasi ile sogurma katsayist o, = 0.9 ve yaymm katsayist € = 0.3 olarak
dlculmus-tur. Sogurucu  eleman dis yuzey sicaklik dagihimi 10 adet 1sil gift ile
olgtilmastir Sekil 2.
Cam boru : Kollektoriin ve/veya sogurucu elemanm 1st kayiplarmin azaltmak i¢in
sogurucu eleman (boru), ¢apt 67 mm, boyu 1480 mm, ve kalinhg 2.5 mm pyreks
boru icine yerlestirilmistir. Pyreks borunun gecirgenlik katsayist ts = 0.90 olarak
slciilmustar. Cam borunun 1si kaybini azaltma islevine iliskin degerlendirme amaciyla
cam borunun dig yuzeyine 7 adet 1sil ¢ift tespit edilmistir.
Parabolik Yansitic: Uzunlugu 1465 mm, ¢evresi 1140 mm ve odak agikhigr 285 mm
olan parabolik yansitict 30-90 mm genisliginde 30 adet diizlemsel ayna parcast ile
olusturulmustur. Sogurucu eleman parabolik yansiticinin odak eksenine tespit edilmis
ve olusturulan kollektor gunes isimasini izleme diizenegi ile birlikte test sehpasina
monte edilmistir. Dizlemsel aynamn yansitma katsayisi ps = 0.8 olarak olgulmustir.

b) Is1 Tasiyic1 Ortam Dolasim Sistemi :
Dolagim sistemi 1 ¢apinda galvanizli borudan yapilmis ve tim dolagim sistemi cam
yani ile yalitilmistir. Kollektoriin dolagim sistemine baglantisi esnek-sicak su hortum

baglantilariyla saglanmistir. Dolagim sisteminde su debisini 6lgmek igin orifis plakasi

ve U-tipi manometre kullamlmistir. Su dolastmu santrifuj pompa (H = 2m’/h ve

H =235 cm H,0) ile saglanmistir. Deney diizeninin kapali ¢evrim icinde (1st depolama

sirecinde) ¢alistinimast igin toplam kapasiteleri 110 litre iki adet 1s1l yalitilmis depo
kullaniimstir.
) Olcme ve Degerlendirme Sistemi:

Kollektor giris ve ¢ikigindaki su sicakliklari, sogurucu ve cam borularin yuzey sicaklik
dagilimlariyla, depolarin ve elektrikli su isiticisinin giris ve ¢ikislarindaki su sicakliklar
bakir-konstantan 1sil ciftler ve sayisal milivolt - sicaklik donusturme aygit ile
olculmils ve kaydedilmistir. Kollektor giris ve cikigindaki su sicakliklan ASTM-
standard civali termometreler ile de olgiilerek, kollektor verimliligi ile ilgili dlgmelerin
givenilirligi saglanmigtir. Direkt ve toplam giines 1s1ma siddeti, gevre sicakhigl, acik

hava basinct, riizgar yoni ve hizi meteoroloji istasyonu olgme-verilerinden alinmus;




toplam giines 1s1ma siddeti. yatay yuzey lizerine yerlestirilen bir piranometre ile de
dlculerek meteoroloji istasyonunun ilgili dlgme-verilerinin guvenilirligi gozetilmistir.
Ist tasiyici ortamin (suyun) debisi orifismetre - U manometre diizeni ile olcilmis ve

dlemeler suireli biriktirme - tartma uygulamast ile denetlenmistir.

ASHRAE 93-1986 ve TS 4801 standardlarnina uygun olarak, dort farkh (0.0084, 0-
0112, 0.0139 ve 0.0167 kg/s) su debisinde kollektor performans deneyleri yapilmistir.
Deneylerin timunde koruyucu cam borunun dig yizine yansitict serit uygulanmis,
yansitici seridin kollektor verimine etkisini belirlemek icin 0.0139 kg/s su debisinde

performans deneyleri bir kezde yansitici serit uygulamadan tekrarlanmstir.

SONU

a) Kollektorin zaman sabiti deneyler sonucunda 12 dakika olarak belirlenmis ve kararl
duruma erisilmesi strecinde zaman sabiti kontrol edilmistir.

b) Kollektor verimlilik gizgileri dort farkli su debisi icin Sekil 3, 4., 6 ve 7°de verilmistir.
0.0139 kg/s su debisinde kollektor verimlilik ¢izgisi bir kezde yansitict serit
uygulanmadan yapilan deneylerin kayitlarindan yararlanarak ¢izilmistir, Sekil 5.

¢) Kollektortn Isi Tagima ve Ist Kaybr Katsayilar Verimlilik cizgilerinden hesaplanarak

Cizelge 1.’de verilmistir.

Cizelge 1
Su debisi, m ( kg/s) Is1 tasima katsayist Fr Toplam 1s1 kaybi katsay1st (W/m* K)
0.0084 0.6909 7.24
00112 0.6977 7.35
0.0139 0.7280 7.00
0.0167 0.7469 6.79

d) Kollektorin sogurma elemaninin ve disindaki  cam borunun yuzey sicakliklan
dlculmus, su debisinin ve yansitict seritin  ylzey sicaklik dagilimina etkileri
irdelenmistir. (Bkz. Sekil 8-22).

e) Kollektor verimliliginin artan su debisi ile azaldig1 tespit edilmistir.

f) Sekil 4 ve 5’in karsilagtinlmas sonucunda kollektor verimliliginin yansitict gerit

uygulamast ile ortalama %2 arttigs gorulmistir.




g)

h)

G
Fr

G(f X
Gd X

Gr

mh

Sogurucu elemanin ortalama yuzey sicakligiin artan su debisi ile azaldigi, yansitici
serit uygulamasiyla koruyucu cam borunun yuzey sicakhigmmn yukseldigi tespit
edilmistir,

Kollektor verimliliginin literaturdeki tasarim ve isletim kosullar benzer kollektoriin
verimliliginden vyaklagik %3 duzeyinde daha iyi oldugu, verimliligi iyilestirmek igin
sogurucu eleman ile cam boru arasindaki hacmin bosaltirarak vakumda tutulmasinin,
tasinimla 1s1 kaybinin alazmasina ne olgiide katkida bulunacagmin asartiriimasi ilging

olacaktir.

SIMGELER

- Suyun 6zgil 1s1s1 ( J/kg k)

- Glines kollektoru 1s1 tagima katsayist

Direkt giines 15imasi-akisi ( W/m®)

Sagilmis glines 1stmast - akisi ( W/m®)

. Toplam (Direkt + Sagilmig) giines 1s1masi - akisi ( W/m®)
- su debisi (kg/s)

Q - Toplanan 1s1 giict (W)

Q
Q
T,
Ta
T
Up
n

- Kaybolan 1s1 gicti (W)

- Yararl 1s1 gticii (W)

- Atmosfer - ¢evre sicakhigi (°C)
- Kollektor - su giris sicakligt (°C)
- Kollektor su ¢ikis sicakhg (°C)
- Kollektor toplam 1st kaybi katsayisi (W/m” K)

- Kollektor verimlilig
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2. Tez Calismasi :

IS BORUSU iLE PARABOLIK GUNES KOLLEKTORUNUN ENERJI
DONUSUMU iCIN BIRLESTIRILMESI

Tez Ogrencisi : Ali Aslan Ebring
Tez Yoneticisi : Prof.Dr. Riiknettin Oskay
Ocak 1995, 91 sayfa
0z
Bu calismada bir 1s1 borusu tasarimlanmig ve imal edilmis, 1s1 borusunun etkinligini
bulmak ve giines kollektor ile kullanilabilirligini belirlemek i¢in daha once gelistirilmig bir
parabolik kollektoriinin sogurucu ve donustirtcl eleman olarak kullanilmustir. Ist
borusu ¢api 35 mm, uzunlugu 2100 mm piring borudan yapilmis igine 70 gozenekli piring
elek telinden islatict i¢ dolgu uygulanmistir. st borusunun buharlastirict bolimi
sogurucu eleman olarak parabolik giines kollektoriinun odak eksenine yerlestiriimis,
toplanan enerji, boru igindeki suyu buharlastirarak 1st borusunun yogusturucu boliminde
yogusarak 151 tasiyict ortam-suya tagmmustir. Ist borusu i¢indeki suyun doniisimu elek

teli icinde olusan kilcal etkilenme ile saglanmigtir.

Is1 borusu ile butinlesmis parabolik giines kollektoriinin performans deneyleri
ASHRAE-93-1986 standardina uygun olarak degisen yik ve gunes isimast altinda
yapilmistir. Deneyler sirasinda kollektor egim agist sabit tutulmus gunes 15imast dogu-

bati dogrultusunda izlenmigtir.

Isi borusunun i¢ basinci ve igindeki ¢aligma sivisi miktari ikinci derecede etkin
degiskenler olarak kabul edilmis; 1s1 borusu ile butiinlestirilmis gunes kollektoriinin
verimliligine etki eden temel degiskenler olarak 1s1 borusunun yogusturucu bolimundeki
su debisi ve sicakhg dikkate alinmistir. Verimlilik deneyleri sonucunda su debisinin

kollektor verimliligine belirgin bir etkisinin olmadig: tespit edilmistir.

Anahtar Kelimeler : Parabolik Kollektor, Isi borusu, kilcallik

Bilim Sayisal Kodu @ 625.04.02
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GIRIS

Parabolik gunes Kkollektorinun  sogurucu  elemani olarak 1s1  borusunun
buharlastirict  bolumunun  kullamlmasi, - gunes enerjisinden daha etkin yararlanmak
amactyla uygulanan gerek bilimsel gerekse teknolojik boyutlariyla ilging ve yeni bir
tasaim  secenegidir. Bu amaca yonelik olarak O.D.T.U. Makina Miihendisligi
Boliaminde gelistirilen ve performansi uluslararasi standartlara uygun olarak belirlenen
ve lyilestirilen parabolik gunes kollektoruntn sogurucu eleman: olarak, tasarimi ve
iiretimi O.D.T.U. Makina Mihendisligi Bolimunde gergeklestirilen bir 1s1 borusunun

buharlastirict boliimu kullanilarak bir giines kollektor sistemi olusturulmustur.

Ist borusunun gines kollektoriinde sogurucu eleman olarak kullaniminin en onemli
dstanlugil 1s1 borusu igindeki 1s1 tastyict ortamin cinsine ve doyma basincina bagl olarak
cok genis bir giines 11ma siddeti arahgi icin gines enerjisinden yararlaniimasina olanak
saglanmasidir.

GELISME

ODTU Makina Miihendisligi Boliminde iki Y. lisans tez calismast kapsaminda
gelistirilen parabolik gunes kollektoru ve performans deneyleri i¢in kurulan deney
diizeni, 1st sogurucu eleman olarak kollektorle birlestirilen 1s1 borusu disinda tumiyle 1.

Tez ¢alismasiyla aynidir.

Toplam uzunlugu 2100 mm ve dis ¢apt 35 mm olan 1s1 borusunun (Bkz. Sekil 1),
1450 mm. Uzunlugundaki buharlastirict boluma, uzunlugu 1480 mm ve i¢ ¢apt 620 mm
olan pyreks cam boru igine es eksenli olarak verlestirilmistir. Isi borusunun diger
ucundaki 500 mm uzunlugundaki yogusturucu boliimii ise iginde 1s1 tastyict ortam olarak
su dolasimi saglanan gapi 1400 mm olan ve akis yonlendiricilerle donatilmis 1s1 degistirici
icine es eksenel olarak baglanmustir. [si borusunun bu iki bolimu arasindaki yaklastk 150
mm uzunlugundaki bolima ise 1sil yahtilmig adyabat baglanti bolgesidir. Isi borusunun
sogurucu boliimi karbon siyahi ile boyanmig olup, is1 borusunun calisma sicakhig
araligindaki sogurma katsayist o = 089, yaymm katsayisi ise ¢ = 0.83 olarak

oleilmustur. Ist borusu igine faz degisimiyle 1s1 tastyict ortam olarak 360-400 gr su
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doldurulmus ve i¢ basinci vakum pompastyla 10-20 kPa degerine kadar dusurulerek 1si

borusunun diisuk giines 1gima siddetinde de etkin calismast saglanmigtir.

Bu calismada kullanilan deney diizeninin temel elemanlart 1. Tez ¢alismasiyla
tumiiyle aynidir. Bu nedenle farkh elemanlar ve uygulamalara iliskin agiklamalar ile
vetinilecektir.

a) Sogurucu eleman olarak kullanian st borusunun bolimleri ve boyutlan Sekil 1°de

verilmistir.

b) Slcakhk olgmeleri igin 20 adet kromel-alumel 1sil ¢ift kullanilmustir. Ist borusu yuzey
sicaklik dagihmi igin 13, cam boru yuzey sicaklik dagilimi igin 3, yogusturucu giris-
cikis sicakhg@ igin 2 ve adyabat bolimiindeki yaltim sicakligi igin 2 1sil ¢ift

kullanilmustir. Isil giftlerin 1s1 borusu iizerindeki konumlart Sekil 2’de verilmistir.

¢) Is1 Tasiyict Ortam Dolasim Sistemi:
Deney diizeninin 1s1 tastyicl ortam dolagim sistemi 1. Tez Caligmastyla timuyle
aynidir. Isi tagiyici ortam olarak kullamlan su 1st borusunun yogusturucu bolimunin
icine verlestirildigi 151 degistirgecinden gegerken 1s1 borusu icinde yogusan su
buharinin gizli sisi alarak i1sinmaktadir. Giines kollektorinden elde edilen yararlt

enerji (1st) bu islem sirasindaki ist transferi miktarina esittir.

d) Ol¢me Degerlendirme Sistemi :
Bu calismada kullanilan 6lgme sistemi ile 1. Tez calismasinda kullamlan dlgme sistemi
arasindaki tek fark bu ¢aligmada bakir-konstantan yerine kromel-alumel sil ciftler
kullamlmasidir. Performans deneyleri ASHRAE 93-1986 standardina uygun olarak

(30, 40, 50 ve 60 kg/h) su debisinde yapimustir.

SONUC

a) Deneyler sonucunda kollektorun zaman sabiti ~9.4 dakika olarak olgulmustur.
Performans deneyleri sirasinda kararl duruma erisilmesi surecinde zaman sabiti

siirekli kontrol edilmistir.

Yo
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b) Kollektor verimlilik ¢izgileri dort farkli su debisi icin ayn ve tim su debileri i¢in
birlikte olmak (zere bes kez sogurma elemannin (1s1 borusu buharlagtirici
bolimunin) ortama yuzey sicakligt ile hava sicakiigi arasindaki farka baglt olarak
(Bkz. Sekil 3a-3d ve 0); bes kezde kollektor su giris sicakhgr ile hava sicakhig
arasindaki farka bagli olarak (Bkz. Sekil 4a-4d ve 5) belirlenmistir.

¢) Kollektoriin Ist Tagima ve Ist Kaybi Katsayilart Fr ve U verimlilik ¢izgilerinden

hesaplanarak Cizelge 1."de verilmistir.

Cizelge 1
Su debisi, m (kg/s) Isi tasima katsayisi, Fr ~ Toplam 1s1 kaybi katsayist U (W/m* K)
0.0083 0.7248 10.57
0.0111 0.7366 8.35
0.0138 0.7589 9.84
0.0166 0.7688 8.40

d) Ist borusunun yiizey sicakhigi dagilimi dort farkli su debisinde ve kollektor su girig
sicakhigina bagli olarak ¢izilmis ve irdelenmistir. (Bkz. Sekil 7.-7d).

e) Kollektor verimliliginin su debisinden bagimsiz oldugu ve verimliligi etkileyen
degiskenin kollektr su giris sicakhgi oldugu tespit edilmistir.

f) Ist borusu yiizey sicakhgr dagihmi farkli su debilerinde cizilmis ve su debisine bagli
olarak irdelenmistir.

g) Artan su debisiyle kollektor 1si tasinim katsayisimin arttigi, 1s1 kaybi katsayisiin ise
azaldid tespit edilmistir,

h) 40 ve 50 kg/h su debilerinde ¢izilen verimlilik cizgileri 1. Tez Calismasinda ayni su
debilerinde elde edilen verimlilik cizgileri ile karsilastirilmis; verimliligin ortalama %2
diizeyinden daha dusiik oldugu tespit edilmistir. 1. Tez Caligmasinda sogurucu
elemanin secici yizey kaplanmasi ve yansitict serit uygulamasina kargin verimlilik
farkinin %2 olmast; 1st borusu ile birlestirilmis kollektorin verimliliginin segici ylzey
kaplamasi, yansitici serit uygulamast ve 1st borusu ile cam boru arasinda vakum
olusturulmasi ile gok olumlu iyilestiriimesinin mimkiin oldugunun kamtidir.

i) Isi borusunun gunes kollektoru ile birlestirilmesinin, glines enerjisinden yararlamlmast
icin etkin bir ara¢ oldugu; 1s1 kaybim azaltmaya yonelik duzenlemeler ile etkinliginin

gelistirilmesi sonucunda ayni yogunlastirict eleman kullanan kollektorlere kiyasla
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daha verimil ve daha yuksek sicakliklarda vararli 1s1 donusumiinin mimkun oldugu
gorulmustur

SIMGELER

C, - Suyun ozgul 1sist (J/kg k)

Fr - Gunes kollektoru 1si tasima katsayist

Ge - Direkt giines 1simasi-akist ( W/m”)

Gy Sacilmis gunes 1simast - akist ( W/m’)

Gy : Toplam (Direkt + Sagilmig) gunes 1gimast - akist ( W/m®)
m - Su debisi (gr/h, kg/s)

Q- - Toplanan 1si giicii (W)

Q - Kaybolan 1s1 gicti (W)
Q - Yararh 1s1 guct (W)

T, - Atmosfer - ¢evre sicakhig ('O)

T, : Sogurucu eleman ortama yuzey sicakhgi ("C)
T., - Kollektor - su girig sicakhg ("C)

T., - Kollektor su gtk sicakhgi ("C)

U, - Kollektor toplam is1 kaybr katsayist (W/m” K)
n : Kollektor verimliligi (%o)
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3. Tez Calhismast :

GUNES ENERJILI DAMITICIDA KAPAGIN ETKISININ DENEYSEL
OLARAK ARASTIRILMASI VE URETIMIN SAYISAL TAHMINI

Tez Ogrencisi : Abdurrahman Ghoneyem _
Tez Yoneticisi : Prof.Dr. Ersoy Tesdemiroglu ve Doc.Dr. Arif lleri
Mayis 1995, 103 sayfa
oz
Bu caligmada gunes enerjili damiticinin saydam ortusunun tip ve kalinhigimn,
damutict verimine olan etkisi deneysel ve kuramsal olarak arastinlmustir. Dort adet tek
etkili, havuz tipi glines enerjili damitici tasarlamup uretilmis ve test edilmistir. Giines
enerjili damiticilardan ucu, kalinhklar 3.5 ve 6 mm olan camla ortulmis ve birinde de 5
mm kalmliginda plastik kullamlmigtir. Cam kapagin glnes 1ginlarmnt gecirgenligi
kalinlikla azaldigindan; en ince camin diger iinitelerce karsiastirildiginda % 12.3 ve
04155 kadar daha fazla temiz su uretebildigi gorulmistar. Bunun yamunda plastik kapakl
giines enerjili damiticidan en dustk verim elde edilmistir. Temiz su eldesinin ortam

sicakhgr ve glnes 1simasina olan bagimlilgint  gosteren  empirik denklemler

olusturulmustur.

Gerekli olan enerji dengesi ve st transteri denklemleri vazilip gines damiticisinin
verimi sayisal olarak bulunmus ve deneysel sonuglarla karsilastinlmgtir. Sayisal ¢ozum

diger degiskenlerin verim lizerindeki etkilerinin tahmininde de kullamlmustir.

Giines enerjili damiticilarla Tirkiye nin bir kag ilinde 1m’/gin dizeyinde temiz su

eldesinin fiyat analizi de yapilmistir.

Anahtar Kelimeler - Giines enerjili damutic, Plastik orta.

Bilim Sayisal Kodu : 625.04.02
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GIRIS

Su gereksiniminin varolan yerel-dogal kaynaklardan karsilanmasimn mamkin
olmadi@ durumlarda, suyun tagima araglarn veya boru hatlarniyla uzaktaki kaynaklardan
saglanmast mumkiindir. Denizlere yakin bolgelerde ise yetersiz su kaynaklarnm
destekleme icin deniz suyununun damutilmasi, tagima seceneklerine kiyasla daha
ckonomik olabilir. Ulkemizin gtnes isimasi potansiyelinin dizeyi ve ozellikle giiney ve
bati kiy1 bolgelerindeki yiiksek nufus yogunlugu dikkate alinirsa, giinesli su damitmann
uygulanabilir ve ilging bir teknoloji oldugu belirgindir. Bu tespite karsin gunes enerjili
damuticilar ve damutict ortalerinin damutict verimine iligkin cok sinirh sayida arastirma
yapilmistir. Bu ¢ahsmada 40" Kuzey enlem ve 33° Dogu boylaminda (Ankara’da) yiizey

ortiisiiniin ginesli damuticr verimi deneysel ve kuramsal olarak incelenmistir.

GELISME

Yizey ortusinin ginesli su damticisimn verimine etkisini incelemek amaciyla
taban alam (SOcm x 50cm) kuzey kenarimn yitksekligi 37cm ve gineye 20° egimli
galvaniz sagtan tniteler yapimistir. Uniteler yerden 50 cm yiikseklikte ayaklar lizerine
oturtulmus ve tabanlart 17 cm cam yunii ile yahtilmugtir, (Sekil 1). Damtict Uniteler 15
Temmuz - 15 Eyliil 1994 déneminde atmosfer sicakhigi (20° - 29°C) ve gunlik gunes
1gtmast (20-30 MJ /m2) olan kosullarda (9:00 - 17:00) suresi iginde denenmistir. Damitict
iiniteler ve toplama siseleri birer saat araliklarla tartilmig ve sogurulan giines 1gimasindan
yararlanmak amactyla ertesi gun 8-:00°de son kez tartilarak giinlitk aritilan su miktart
belirlenmistir. Deneyler sirasinda damiticilarin agirliklan ile birlikte yuizey kaplama (alt ve
ist) ve tuzlu damutilmig sicakliklart ile yatay diizlemde toplam giines 1sima-akisi da

olctlmustir.

Kaplamalarin dik giines 1gimast altindaki gecirgenlikleri 3, 5 ve 6 mm cam levhalar

icin sirastyla 0.87, 0.83 ve 0.82. 4 mm plastik levha i¢in 0.86 olarak olctilmustur.
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SONUC

Deneyler sirasinda yizey kaplama malzemesinin damitict verimine  etkisi incelenirken,
damiticilanin saatlik verdileri ve gunlik verdileri olgliimus, toplam giines 1sima akisi ve
giinlik ortalama atmosfer sicakigimin  damitma verimine etkileri bagimsiz olarak
incelenmistir, (Sckil 3 ve 4). Yapilan ilk degerlendirme sonucunda (Bkz. Sekil 1) plastik
kaplamanin i¢ yiizevinde olusan buhar yogusmasi ve yiksek islanabilirligi nedeniyle
surekli-kalict kondens ile kaplandigi ve gegirgenliginin asirt diigmesi nedeniyle damitma
veriminin cok dusiik oldugu tespit edilmistir. Bu nedenle damitma verimi deneyleri
yuzeyleri cam kaplamali damiticilar ile sirdarilmus ve degerlendirmeler cam kapakli tg
damutic igin yapilmustir.

a) Damitict unitelerin verimleri, damiticinin birim yiizey alamndan (m”), birim zamanda
(1h) olusan damitik su miktart (kg) olarak tammlanmigtir. Damitict veriminin gunlik
degisimi Sekil.2’de verilmistir. Maksimum verimin 6gleden sonra saat 1-3 arahginda
olustugu ve maksimum verimin 3 mm kalinhktaki cam ortiiyle saglandigi gorulmiistiir.

b) Damitict veriminin ginlik toplam giines 1gimasi-akist ile degisimi Sekil.3 de
verilmistir. Deney kayitlarindan yararlanilarak olusturulan bu sekilde, toplam gunliik
giines 1gimasi-akisinin minimum degeri (20 MJ/m” - giin), maksimum degeri ise (29
MJ/m’ - giin) olarak belirlenmistir. Sekil 1°deki damutict verim degisimlerine benzer
sekilde plastik ortiili damitict (Y4) minimum verime sahiptir. 5 mm ve 6 mm
kalinliktaki cam ortili damiticilarin verimlerinin birbirlerine ¢ok yakin oldugu; 3 mm
cam ortili damitict (Y1) min veriminin plastik ortiilii damiticiya (Y4) kiyasla yaklagik
7 kat daha buiyik oldugu tespit edilmistir.

¢) Damitict veriminin gunlitk ortalama cevre sicakhg ile degisimi sekil 4’de verilmstir.
Deney kayitlarina gore ortalama gevre sicakhiginin minimum degeri (292 K = 19 °C),
maksimum degeri ise (304 K = 31°C) olmustur.

d) Sekil 5.ve 6. 3mm kalinhkta cam ortiilti damuticinin veriminin giinlik ortalama sicaklik
ve ginliik toplam giines isimasi-akist ile de@isiminin birlikte veya eszamanl
irdelenmesine yoneliktir. Sekil 5. °de gorilece@i gibi sabit bir giines 1istmast-akisinda
verimin gunluk ortalama sicaklikta azaldigi; Sekil 6’da ise sabit giinliik ortalama
sicaklikta verimin giinlik toplam gunes isimasi-akist ile arttigr goralmustar. Sekil 5 ve
6’da gosterilen ortalama gunluk sicaklik ve toplam gunluk gines isimasi-akisina bagh
olarak darmtict verimi 3 mm . 5 mm ve 6 mm cam 6rtdli Gniter igin asagidaki

esitliklerle ifade edilmistir.
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3 mm cam ortu.  V, = 16960 - 0.0501 T+0.02351
5 mm cam ort, Vo = 19.555-00614T + 004221

6 mm cam orti. Vi =21.040 - 00669 T +004511

Burada. V,, Vy ve V3 (kg/m” - gun). T gunlik ortalama ortam sicakligi (K) ve Iq

gunlik toplam gunes 1simast-akisi (MJ/m” - giin)’dir.

e) Giines enerjili damuticinin verimliligi. tretilen damitik su miktarinin suyun ortalama

f)

(isletim) sicakhgindaki buharlasma aizli 1sist (hy =2.43 MJ/kg) ile g¢arpimn, bu
damitma islemi suresince yararlanilan toplam gunliik gunes 151mast miktarina oramdir.

Bu tamma gore hesaplanan damitici verimliligi, n degerleri; 3mm, Smm ve 6 mm cam

‘Srtilii damutict tniteler igin sirasiyla 0.262, 0.234 ve 0.227 olarak hesaplanmstir.

Damutici verimliligindeki azalma, cam kalinhgmin artma ve/veya camin gunes 1§imast
icin gegirgenliginin azalma oranlarindan daha yiiksek duzeyde olusmustur.

Damitici giinlik verim olgme  ve degerlendirmesinde olasi hata orani %2.5-5
araliginda olugmustur. Elde edilen suyun pH degeri 1.3 ve iletkenligi 7.6 p ohm/cm

olarak ol¢tilmustur.

g) Bu ¢alismada geligtirilen damutict Gnite teknolojist ve tasarimmi uygulayarak gunlik

I:

verimi 1m’ su/giin olan biyik olgekli (taban alan 400m® olan) bir damiticin ik
maliyeti, Mayis 1995 piyasa verilerine gore 644 Milyon 855 Bin TL. olarak
hesaplanmustir. Faiz orani %5 ve damitict omranan 5 yil olarak kabul edilmesi

sonucunda birim taban olani igin  yillik maliyet yaklagik 372 Bin TL/m® olarak

belirlenmistir.
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INVESTIGATION OF TilE EFFECES OF COVER TRANSMISSHITY
ON ASOLARSTILL OUTPLT

\hdulrahman GUONTYTN and  Anf TTERI™

Mechanical knameenng Department. Middle East Technical Universitv. Ankara. Tukive
ABSTRACT

Four single-clicet. basin tvpe sofar stills have been designed. constiucted and tested. Thise
stills had a glass covar of Biftorent tuckeess (3. 50 0 mm) while the fourth cover s plastic
The «8ll vith the thinnest glaes cover has shown the highest production rates, up by 153 o,
Fmpirical cquationy aze cbiamed o express the dependency ot the yield on the ambient
temperature and solar vadishon. Mso, a sattware is prepared to solve the govermning equantions
aumencally so that the etivats of various paramerers on the owput could be mvestigated. Fos

one of the glass covered sails, the measarcd vield is campared waiy the prediction.
Sola sl distifution
INTRODUCTTON

In many parts of the workd the uatural sources of water can hardly meet the demands of
people and industre. In some cases. demands mayv be met more econonucally by distllation of
saline water rather than supplving water by trucks or by laving long pipe-lines from a distant
source.  Industnalization and population increase is causing a rapid nse ol fresh water
demand also in Firkive. especiallv in big metropolitans.  Distillation by solar encrgy may
make a contribution since the country lics i a sunny-bedt and surrounded by szas. Duspite of
this resource availabilitv, lirde serous work on solar water distdlation has been done i tiw
country . Also. althergh @ numerous expenmental and analytical mvestigatons are published.
none of them divccthy focuses onthe elects ol the coner tansmissivn which could van
depending on the composiion and thickness ol the nuaterial used. Thus, presem expenmental
research has been performad by using o plastic and three glass covers at duferent thicknesses

on a single-basin solar sull. ai the dimatological conditions of Ankara (407 N 337 L), Turkive.

. N

* To whom all correspondence regarding this paper should be addressed.
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FAPERIMENT AL SET-L I

Four single-basin - stlls were manutactured and tested at the Mechanical Engineenng
Department of Middle East echnical University, Ankara. The stills have 3. 5 or 6 mm thick
olass or 3 mm plastic covers with ‘measured transmissivities of 0.87 . 0.83 .°0.82 and 0.86 .
respectively tor the normal sunshine. Except tor the covers. dimensions and materials of the
stills are identical. The base is 30 cm X 50 ¢m supported by legs 50 cm trom the ground level.

I'he thickness of glass-wool back insulation is 3 cm. The frame structure and troughs are

made of galvanized iron. Covers are sloped on one side at 20 degrees and the norih epd ol

the cover is 37 ¢m high from the base. The salty water used in the experiments was prepared

at the laboratory by using the recipe aiven in {1

The stills were tested under the same conditions tor 30 davs during 1% July - 14 September
1994, The ambient temperature vagied from 293 to 302 K while solar radation vaned from
about 20 to 30 MI m2 day. The sulls were cleaned and tilled 1o work at 8:00 p.m. The mass
vield of cach stll was weighad cach hout during the dav staring from 9:00 p.n. until 3:00
am. Due to the absorbed vadiation by the sull structure. distillation  process continued
throughout the might. 'he total dailv output of cach «ill was determined with the final
measurement at the next day at Q00 a.m. alter 24 hours. Together with weighing, the mass
output of cach still. the olass and salty Walet femperatures and the honzental total solar

radiation were also measured.

EXPERIMENTAL RESULTS

Oine of the most important. pafameters ettecting the output of a solar still is the solar radiation ’

intensity incident on the cover of the still. Obvioustv, the transmittance of the cover becomes
another important parame(tl:\ It was shown that the variation of total transmittance of the

“over and condensate film s wgligx’hlc'lm‘ the angle ol incidence up to 60 degrees and for
places contined within lali(u&cs 0 and 435- deerees (2} Despite this. the change in the
nansnittance of the glass cover with the madence angle 1s estimated in analvtical work by
using m fgo ban etlective thickndss < that depends, both on the normal thichness X, (which 18

difterent tor each stiil) and the i idence angle 1.

[ - ]” c('k\) (\)
.- , Foerye 1 3y

N | (2)
where 1 and 1 are the transmitted and the incident radiation (W m2). and k ts the extinction
Joetticient of cover (m-1). The extinction coctticient is taken as relatively independent of the

dichness and band absorption Characteristics. Papenments were done to oheerve the effects
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of plastic cover and lass thickness on the darhy owput. The vanaions ot stll productinaty with

the solar radiation intensitv and the ambicnt. glass and bine demperatures were studied.

Phermal etficiency of the stills were also compared.

Sl output durin;,; the dav:
The varation of hourly output of cach still on a opieal day is shown on Fig 1. Litect of glass
Mrickiess can be obsarved from the figure. Daly average hourly product per m= ot STHL 1
(3 mun) is about 0,03 ke higher than that ol STILL 2 (3 nuny and 0.04 kg higher than that ot
STH 1 3 (6 mm) The maximum output of any stll durmg a dav is between 2:00 and 3:00
p.m. This ligure also spows the yicld obtaincd trom STILL 4 that has the plastic cover. The
markedhy reduced opiput despite of the high ransmissivity of the plastic under dry conditions
is due to fogging and Jripping trom cover back to the waier bed. Theretore the results related
10 this still are not rdalistic and will not be further discussed or generchized in this work except

the comment that plastic thould not be used as cover unless thermal stability: under solar

heating and high degree of settability could be cuaraitoo T by proper mechanical treatment.

035
03]
;; 025 |
B 02
E 015
011

0.05 -

(o]

™

8 9 10 MM {12 13 4 15 16 17 18
OUR OF THE DAY

“Ploure 1. Hourlv deniire ceiput iy a v pical day.

Daaddy entput veosuy el Tadiation:

TR mnation of avgrace clelv ongput. Y cho = ey itk el adiatien intensiic B m- ),
fer cach il i shops BV 2 Ninimuen and i adues of e il avesee <okl
radiation dore e b nent portend aie alie soon o e e T bk, Py hoe wvarh the
hronest clope (8 s e the masimmume eweet i the fines are extended oward len. they
sl Croes the hor zonab asos o ahe ghn ol onem. This may <how that the productien would
beght ondy over a certain threshold value of soka radiation intensity tor cach soll (2.2, 1.4
074 AMbmad for STILL 1 2 and 3 ). For the maximum solar radiation ntensity (29

N n}z.d). the average dailv outputs are 3.3 . 2.7 . and 2.0 kg m=.d tor STILL 1. 2. and 3.
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IS HMRIARNAY lysingﬂ the least-square mathod. cquatons ol the best hines were found. The
reeresaon analvses result: : ‘
. V1= 01187 1-0.262 - ry = 0.961

35 ; . _ Y2 - 01020.1-0.142 = 0952

Yl
3 ; Y3 - 0.0964 . 1-0.071 130933

25 1

OUTPUT (kg /mi". day)
- n N

YA\A

0 \ \ , .
15 20 5 2 33

TOTAL SOLAR RADIATION (MJ/af. dsy)

Figure 2. Vadaion of the daily <l output with the daily solar radiation.

Duily output versus asthient temperatire:

Fig. 3 displays the vanation of average dailv output with the ambient temperature. T(K). for
cach still. Maximum and minimum ambient temperatures ohserned are also shown on the
ficure. For the maxunum ambicnt temperature (310 K. the productivity of the sulls are 3.4.
273 and 200 Lg‘m:,d for STIT T 1 thiough 3. respectively. Again it noted that distillaten
i« possible only if the ambient temperature i« over a minimum value which is about 277 K.
Regression analvses vield '

V1= 01455 [ -40.504 1 = 0.951
Y2 =0.1222. 1-33.895 1 =0915

Yv3=0.1125.1-31.068 r3=0916

( : [t ot
N~ N e

OUTPUT (kg /ni. day)

o=

0 - ' —t '
273 22 2% 300 304 38
DAILY AVERAGE AMBIENT TEMPERATURE (K)

Figure 3. Vianation of the daily <till eutput with the ambient emperature.
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Combined ¢ffect of weather parameters:

Combined effect of solar radianon mtensity and ambient temperature was also studied. The

- equations tor STILT T through 3 are:

Y1 =16.960-0.0501 .1 + 002351 ry = .82
Y2 = 19.555-0.0614 . T + 00422 ] r - (1L.7%
Y3 =21.040-0.0669 . T - 00451 1 ry= 0.77

It is clear that the dailv vicld increases i the solar radistion mereascs and or the wubiont
femperature deereases. becanse both ol these changes incrcases the temperature ditderence
between the water and the cover Hhe wind velodity also aifects the tesults via heat loss from

the cover.

Foimated combined crrar i dailv caipur due [0 uncenamties o temperature and solar
radiation measuraments i aboui 25w S L Snalvas ot the distdicd water mdicates that s

vary pure with a pHb ol 73 and conducanans ob enly 7.0 nucronihios an.

Comparison of the efficiencies
. . . . e - . e . . . b
Phe etficiency o a soior ~hli s thic ratie o heat utihzed fin cvaporating M kg of swater per m-

ol the sull.

(V] (3
where the latent heat of evaparation of water. I }.. can be taken as 2. 43 MJ'kg.
Averaged efficiencies over the measufement period were found to be 26.22 %o 23.35 Yo and
32 70 9% for STILL) through 3. respeciively. Fhis means 12.3 and 13.5 %o higher cttivienay
for the sill with 3 mum cever. wlule its transmissivity s higher onlv by 4.8 and 6.} e

compared o 2 and 6 e coners sepeanedy Thus macasing tne glass thickness fowers the

cHicienay nch more than the Choenge mthe trapsnitssivit alone splhics.
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AHEORETTC 1. ANLLYSES

A steadv-state heat teansier model of single-basin solar stll was first studied by Dunkle {3] and

fater was moditied and presenied by ceveral authors [4-5] Resulting heat flux and energy

balance equations are non-lincar and an analvtical solution is impossible. A graphical solution

method available in literature [3] is awhw ard for repeated usage in a detailed analysis.‘

Therefore a computer program was developed by using a sumlar st of assumptions:

+ The temperature dilference across the coner and the distillate film iS'llég]cClCd. Th;.&nm'r
and outer temperatures of the cover are fahen 1o be et .

e Fleat fluxes and temperatures are consiast at ik iy ireiani through an hour .

o The temperature gradient ovo the P the still i neglected.

o P atitie phore msde thesaths assumed to be non-aheorbing medim.

N . . . . 9
« 2l equations are based ona unit basto avca of T,

umerical solution i based on the fact that when the ambient conditions. initial water
tomperature and characteristics of the still are knovn. the enly vinable that atlects the vanous
heat transter terms is the cover fomprateers !'?‘.1-4 rormernare could be found by iterations S0
that heat Tose from conver to sarronndimes (g, beeome cqual to the sum of gains by radiation

iy LSOnVCCUeT () - phase change (de) and ahsorbed solar energy (o 1) ¢

Yea W de T Ye vy | , : (4)
The comective heat transfer cquation is an cmpirical rclation taken from [6]). For this.
caturation vapor pressures tor both water and glass temperature are needed and were
calcutated from Antoniane equation which gives the pressure s a function of temperature {7}

Dailv still output is found by summing, hourhy results according to

N u‘mu-m[,,n,‘.f ot (3)

e U0n s the rana of swater (o elnse 3rea fised by the gecomeny of the tected stlle, 1y 18
e collection etiiciency ot distulied watey qesnmed as 09K as snoccstd by |51 The detinis ol
e atations used and the sofware jcll is presended m X

i
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COMPARISON (H FXPERIMENTAL AND IHFORETIC L RESTULTS

In the comparsen ol the theorctical results obned teom e program with the expernmental
feaits, STILE 3 was used  The progrm was tan 24 ¥ 36 tnes ncanng 24 hours through 30

expenmact davs. Fhe mam results aic T Lpo geo U tige atd M

The theoretical 1esults are hghar for 2ll tested divs. Jevishon being about !5 " although
Cavied trom U1 Spup e 3¢ 00 The peedts for an average din ¢ugust 9 ) are presented in

Frovre 4

207 Yil3 I Yih2 N

8 S m n 12 13 W 15 1 W
HOUR OF THE DAY

Figwe 4. Howl cuipui of STILL 30, Yox cipeinentad. Ythl wath measurad water
cemyperature and caleulated raniminance, YIRY wathomoasured wator temperature and constant

fransrinance. 2nd Yth3 with caloulated water temperatie and bansmtiance.

ity seen that o measured hourly water temperauies are used in numerical solution,
predicitons are cuse 1o the measurements and varving glass transmissivity according, b, 2
aproves the predictivon docuracy. However. i thc walet iemiparatiane o ihe nienmediate
hours e calculsied ©voche promam isdl wid wed for e next hourse the theareedl
NET

prodiction Frcemes v gl than the poalite ae the SihD s e s 4 diae s TR

i H Taty 1 < e B TR € vy g N T~ R P N T s
i deviation e s adaion o cvor e e b T o Tty vy the

pee ot Borrs e e U ceegian bt o O gmbied oy the eaciey oan m the
hatansine venation vontt ke the resalts very ose 1o cach other Siich a camecion mav he
reated nerhaps 1o the shadow effect of the stll walls that s not considered in the lermniaton,
Other eilecte thar reduce the viend but ienored i the anaivsis michide ihe leakage O ambien

air durne the ranoval of collected distillate Lo micasumament 5 at cacht how and the sa

- deposiiion on ihe absorbang plate,
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The cost of Pomt ot dietlied watzr by vy stlle made from simiar matenale but constructed.

ana arper size is estmated ax 82ROGO T or about S 20 m 1994 (K]

PEDICATIUN

‘The authors wvish to dedicate this work to late Prof. Dr. Trsov Tasdemirod)n who initiated this
ey it could not sz¢ ite completion hecause of a car accident on dark. zold DNecember 1994
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HEAT PIPE SOLAR COLLECTOR COMBINATION
FOR ENERGY CONVERSION

A.A.Fbrinc, R. Oskay and O. Kural
Department of Mechanical Engineering, Middle East Technical University, Ankara 06531,
Turkey

Abstract
[n this study, a heat pipe is designed, constructed and combined with a parabolic solar collector as an absorber in

order to find the heat pipe effectiveness and compare it with that using trough absorbers. The brass heat pipe has 210
cm. length, 3.5 cm. outer diameter and 70 mesh brass screen as a wicking device. The transport of heat from the
absorber section (source), to the condenser section (sink) 1s accomplished by latent heat of vaponzation and the
condensate is pumped through the wick to the heat source by capillary action thus eliminating the use of gravity or a
pump. Mass flow rate and condenser inlet temperature of the heat transter fluid are taken to be the basic controlling
parameters on the performance of the solar collector combined with heat pipe, whereas heat pipe insde vacuum
pressure and amount of working fluid have secondary importance. Performance tests are established in accordance

with ASHRAE standards under varying load and solar radiation conditions.

INTRODUCTION

Energy is the key to industrial development leading to the economic and social well-
being of the world population. Energy requirement for humans has increased sharply throughout
the development of civilization. Starting from wood and coal, energy sources come in a great
variety including petroleum products, hydropower, biomass, solar energy. Some of the energy
sources have some hazardous effects on human health, thus affecting environmental pollution. In
renewable energy sources, solar energy is a good choice for the prevention of environmental
pollution. In the literature, various investigations on the heat pipe solar collector for water and
air heating are found through the 1960's. The characteristics of a heat pipe allowing long
distance heat transfer with a smail temperature drop was utilized in the space shuttles for
temperature flatiening requirement between (wo opposing surfaces. Sahin[1], has tested a
parabolic trough solar collector in accordance with the standards under varying load and solar
radiation conditions. Tracking the sun in two axis during the test periods and covering the top of
the glass cover with a strip having one side faced to the absorber surface that was coated with
reflector material to decrease the radiative heat losses from the absorber to surrounding were the
modifications concluding that the mass flow rate of heat transfer fluid has direct effect on the
performance of the collector. The scope of this study is limited to finding energy-effectiveness of
a parabolic solar collector with a heat pipe for a typical domestic hot water in Turkey
proportionally scaled down to laboratory size. The cost calculations are intentionally avoided.
The uses of heat pipes as a mean of heat transport and removal would improve the overall
efficiency of the system, since these devices can transport large quantities of heat with a
relatively small temperature drop which gives them an extremely high effective thermal
conductivity. The heat pipe was selected in this study as the medium of heat transfer in solar
water heater because of the following outstanding features characterizing it:

(Suitable working fluids are available for the operational range -50 9C to +100 9C .

QThe heat pipe can handle very high axial heat fluxes at essentially constant

temperature.

UThe heat pipe is simple, robust and reliable .It has no moving parts and works quietly .

It creates no frost problem.

(1t has low heat capacity.

However, disadvantages of the heat pipe absorbers in solar collector systems are their
possibly higher cost then simple tubes, degradation of heat pipe fluid at higher temperatures
and drv-out at high temperatures or high frradiance levels.

T



SYSTEM DESCRIPTION AND EXPERIMENTATION

Solar radiation is concentrated by means of a parabolic reflecting surface. Parabolic
reflector with heat pipe on its focal length is oriented along Fast-West axis and tracked about
East-West with manual adjustment to obtain maximum energy incidence having no appreciable
variation in hourly output, but considerable varation in seasonal output. The data necessary for
the evaluation of solar radiation falling on the aperture surface of concentrating collector 18
supplied by the ME.T.U. Mechanical Engineering Department Weather Station. Heat
transferring fluid flow rate and temperature over the condenser section of the heat pipe kept
constant during each test is used as a controlling parameter on the efficiency of the collector.

Heat Pipe

Absorber part of the system includes heat pipe. A heat pipe consists of a closed container
fitted with a capillary structure and charged with a small amount of working fluid appropriate to
the operating conditions. The fluid saturates the capillary structure, which is commonly called as
wick. Heat transfer process within the pipe occurs when a temperature difference exists from one
end to the other. The fluid absorbs incoming heat and is vaporized in the evaporator section of
the pipe. The vapor moves to the condenser section, where the latent heat of the fluid is released
by condensation of the vapor on the cooler surfaces. The liquid is returned to the evaporator by
capillary forces in the wick. Since, pressure drop occurring within the heat pipe is normally
small, the evaporation condensation cycle 18 essentially isothermal. Brass container has 210 cm
length, 35 mm. outer and 33 mm. inner diameter. The evaporator adiabatic and condenser
sections are 145 cm..15 cm. and 50 cm. respectively. Water used as a working fluid has high
liquid density, high surface tension and high heat of vaporization compared with other fluids.
One disadvantage of water is the difficulty of evaporation at temperatures below 509C. The pipe
inside pressure must be low enough for the evaporation of fluid to take place. The factors for the
choice of working fluid are summarized as a parameter called ' Figure of Merit ' or ' Liquid
Transport Factor N ,generally the merit number is desired to be as large as possible.
_OfPf hg (1)

1353

The prime purpose of wick is to generate capillary pressure to transport the working
fluid from the condenser to the evaporator. It must also be able to distribute the liquid around the
evaporator section. In the present design, about 10.5 layers of brass screens of mesh 70 is
wrapped inside of the pipe wall. The thickness of wick sheet and diameter of wick wire are
measured as 0.22 mm and 0.11 mm respectively. Since several layers of wick have been
inserted, a spring pushing these layers onto the inner surface of the pipe has been used. As a
spring material, stainless steel was selected due to compatibility with the working fluid. For
optimum heat transfer, the ratio of the radius of the vapor core to the radius of the wick should

be [2]:
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About 400 gr. of water is used as working fluid in all tests to saturate the wick. In all
tests. brass container inside pressure was dropped to approximately 10 kPa. by vacuum pump.
Under this point no way of decreasing the pressure to perfect vacuum could not be
accomplished. About 3/4 of the length of the heat pipe is used as a radiation absorber and 18
coated with black paint with o ande values of 0.89 and 0.83.. The glass cover used around the
absorber has 1480 mm length, 67 mm outer diameter and 2.5 mm thickness. Transmissivity,
absorptivity and reflectivity values of glass wbe are 0.90, 0.02 and 0.08, respectively. The
annulus between the glass cover and absorber is not evacuated. The reflector has 1465 mm
length, 1140 mm width and 1340 mm peripheral width. The focal length of the parabola is 285
mm. The inner surface of the parabola is formed by 30 flat plate mirrors of widths ranging from
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30 mm to 90 mm. The frame of the reflector was so designed that it can be aligned normally in
the north-south direction and tracked in the east-west direction.
THERMAL ANALYSIS
Performance of parabolic collector can be casily understood through the thermal analysis
of the reflector and absorber combination. In this definition, useful energy plays an active role
while calculating the efficiency.n.

_ Actual useful energy obtained from the system (3)
'~ Tncident solar energy recetved by the collector
The above efficiency definition can be formulated as follows:
__Qu 4
Then the efficiency is :

n= AQS; = [AcFR (t)epy]/ Ag — [FRULAG (Td ~Ta)l/ AgGh (5)
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1 =mep(Teo - Ta) / AgGh (6)
Efficiency curves are plotted giving the intercept and slope as constants of the equation
related to Uy and Fg as follow:

n=a+ b( Tei- Ta)/Gp Y
a=hg =Fg (1) pYAc /Ag 8
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Collector heat removal %actor relates the actual useful energy gain of a collector to
the useful gain if the whole collector surface is at the fluid inlet temperature and is given by
Duffy and Beckman [4] as follows,

_mep - (AuULF /mep)
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Thermal resistance, R¢, has three components for the tubular heat pipe absorber ,
RT2(2aRTY?  In(r, /1) (1 /Tw) )
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The mesh is considered consisting of a uniform square array of cylinders. The equivalent
thermal conductivity is given by [5] as follows:
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Then overall heat loss coefficient s,
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An approximate value of glass cover temperature can be obtained from [6],

=T, + 0,153(%—)04 hy 067[2 - 36, +(6+951)T; /100[(T; - Ty) (18)
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CONCLUSION

Tests at 30, 40, 50 and 60 kg/h. mass flow rates were conducted to see its effect on the
performance. Equations of the performance curves are all nearly the same at each flow rate. As
a controlling limit of performance, the iniet temperature of heat transfer fluid is taken to be the
dominant variable. Performance graphs are plotted taking the inlet heat transfer fluid
temperature as another controlling parameter on the performance through Figures(1-3). The
average wall temperature of evaporator is taken to be the controlling limit in (Tg-T5)/Gp, but
some of the performance curves show an increasing trend as the temperature difference
increases. However, standard deviations of the slope of the performance curves are larger than
the slope in magnitude due to scattering of the data points. It means that the slope of the
equations can be in permissible range as the temperature difference increases, performance of
the collector decreases. So, the best performance curves are based on the inlet temperature of
heat transfer fluid. In these tests, the effect of change in mass flow rate of cooling water on heat
release does not seem to be dominant. Condenser cooling water mass flow rates and
performance equations are tabulated in Table (1). Evaporator wall temperatures vary according
to mass flow rate and inlet temperature of the heat transfer fluid in the condenser shell
in range of 60°C-150°C in Fig.4. For cach location on the absorber, two thermocouples are
welded. one at the bottom and the other at the top. The upper thermocouple readings are higher
than those of the lower ones. Since, working fluid in the wick will tend to drain downwards
liquid in the top of the will dry out more casily. For the condenser section, there is an abrupt
decrease of pipe surface temperature at a specified location that is located just under the inlet
water port of the shell. '

Table.1 Collector performance equations_according to mass flow rates of cooling water.
n=a+b*MAT /Gy, (%)

Flow Rates AT=T - T AT=(T_-T)
kg/h 8 [ a b
30 1532 -73 84 33.11 +32.71
40 38.94 -59.32 13.42 +46.06
30 1012 -71.96 39.94 -11.47
60 40.65 -62.25 18.75 +5.81
All 18.66 22622 1717 +8.30




Overall heat transfer coefficients and heat loss factors for each mass flow rate of
condenser cooling water according to (T¢j - Ty) are tabulated in Table (2).

Table 2. Tabulation of U; and Fp values for (T - T,) mode.

Mass Flow Rates (kg/b) Fxperimental Emprical
Uy (Wim® KD Fg U, (WmtK) Fy
I I 10.5686 0.7248 10.073 0.94138
40 83453 0.7366 96396 0.94890
50 9.8365 07589 9.4995 0.92901
60 2.4012 0.7688 9.6600 0.95380
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Fig.1.Thermal Performance of the Parabolic Collector with a Heat Pipe for m=30 kg/h.
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Fig.2 Thermal Pertormarnce of Parabolic Collector with a Heat Pipe for All Mass Flow Rates.
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Fig.3. Thermal Performance of the Parabolic Solar Collector with a Heat Pipe for Average Surface Temperature for
m =30 kg/h
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Fig.4. Axial Temperature Distribution of the Heat Pipe Solar Collector for m=40 kg/h .

NOMENCLATURE
of =liquid surface tension, N/m m — mass flow rate of heat transfer fluid, kg/s
Pf =liquid denaty, kg/m3 B, =gbsorber outer diameter, m
uf =liquid dynamic viscosity, kg/m.s D, =glass cover outer diameter, m
o =Gtefan -Boltzmann constant, WimK? ty =thickness of the glass cover, m
Ty =vapor core radius kg =thermal conductivity of theq glass, W/mK
Ty =wick radius, m Ag =unshaded aperture area, m=
Gy, =direct solar irradiance , W/m? ¢ =gpecific heat of fluid, J/keg K
L\g =gollector gross area ,m ’I}; —ambient temperature, °C
Ay =absorber area, m T =average temperature of surface, K
Te =temperature of fluid at inlet,9C F =collector efficiency factor
Teo =temperature of fluid at outlet, °C p =outer radius of the absorber pipe, m
Up =overall heat tr. coefficient ,W/mzK kp ~thermal conductivity of the pipe, W/m K
R, =thermal resistance, K/'W Ky ~thermal conductivity of fluid ,\W/m K
T'w =wick outer radius, m t =length of the secton, m
kg =ther.conductivity of wick, W/m.K Vw =wind velocity, m/s
(ta)e  =eff. transmittivity& absorbtivity v =fraction of specularly reflected radiation.
p =reflectivity of the concentrator sur. g =yoidage fraction & emissivity of surfaces
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