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The Higher Technical Institute held
its 29th Graduation Ceremony on
Friday, 2 July 1999 at the Cyprus
International ~ Conference i
Nicosia.

‘The President of the Republic, Mr
Glatcos Clerides, attended the cor-
awarded the
Presidential Prize of £2000.00 to
Mr Goorge Papageorgiou, the
graduate with the highest overall
performance.  Additionally,  the
President awarded a prize of
£1000 from his personal budget to
Fawwaz A. KN €I Raie, the gradu-
ate with the highest overall perfor-
mance from the  Marine
Engineering Department.
Tho Meetrof a4 St
Insurance Andreas
Moushouttas, e o st

the Ceremony,proceeded with the
award of the diplomas to the o
hundred and fity-five graduates.
while the HTI Director awarded the

‘sponsored by organisations.
and professional bodies 1o the
qraduates who excelled in. their
academic studies.

Ceremony was also attended
by the Acting Director General of
the Ministry of Labour and Social
insurance Mr S. Soteriou, the
Greek  Ambassador Mr
Rodousakls, members of the
Pariiament, other members of the
Diplomatic Corps, government off-
cials  representatives of the polit
cal parles, trade unions and pro-
fessional
The President of the Student
Union, Mr Emilos Rotsides,

‘addressed the gathering and high-
lighted the  students’ offorts and
demands for professional recogni-
tion and restructuring of the Higher
Technical Institut

The main speaker was the HTI
Director who thanked the dig-
nitaries and al those who attended
the Ceremony. His speech s as fol-
lows:

Your Excellency Mr President of
the Republic,

O behalf of the Ministry of Labour
and Social Insurance, the Hi
Technical Institute and to-day's
Graduating Students, | would like
0 thank you for honouring us with
your presence at the twenty-ninth
Graduation Ceremony of the HTI

We consider your presence at our




‘Ceremony as a proof of your nter-
estin the HTI

1 would also like to thank the rest of
our guests who honour s with
their presence at to-day's
Ceremony.

This year 115 gentlemen and 40
ladh

Computer Studies are graduating.
Apart from the fullime courses,
the HTI has also organised, various
shart courses with a tolal of 238
participants in the context of
Continuous Professional
Development, in co-operation with
he Indusril Traning Autorty of
Cyprus and various Professional
Bodios.

It is well known that the HTI was
estabiished in 1968 on the basis of
a Syear Program of the
Government of Cyprus with the
assistance of the United Nations
Development Program (UNDP),

INESCO and the
International Labour

jemic Yoar
e ssaiatrmant o
HTL

We have given a
3954

BT stnishnot oxt

ing
but it can be a s\on to ml\hw
education.

However,  many
g polec b
re:mrr nt. of

g the act that our
Dploma has a value
intsell.

Regarding  the

make their _iving
armed with only their
HTI Diploma, it is
hoped  that  s0n
their endoavours for
professional recogni
ton wil have a frut-
ful outcome both in
Government  and
Semi - Government
servica as well as in
the private sector.

The negative factors
arising from the lack
of  profession

recognition, including last years
student unrest, have had a neg
ative effect on the interest shown in
the HTI by candidates taking this
years entrance examinations. for
the various _Institutions  and
Universities in Greece and Cyprus.
ever, with the voting of the
Lw 3 gt o of
HTl House of
Fpapantaiues which shoud ke
place this month, it is hoped that it

will signal a new start for the HTI
As far as the infrastructure of the
HTiis concerned, we are procsed-

ing with the construction of

seat sports hal with international
id

our sporting and cultural activies.

Equipmentwise, from 1997 10 1999

we have spent about £750.000 on
laboratory and workshop equip
ot eyt e 2000 o wil




have spent about £1.500.000 on
computers, associated equipment
and software.

In the meantime, the HTI contin-
ues to offor an gty raining to
its students and, in addiion, is
trying hard to participato in
research programs financed by the
European Urion.

rthermor
offer its services 1o industry in con-

sulting work as well as material
testing

Bofore finishing my Graduation
speech | would fike to thank the
various industries, organisations

well as individuals for the vari-
ous donations, scholarships and
prizes given to us this year. Their
iames appear in the Graduation
Ceremony Booklet (in the
Program).

1 would also like to express special
thanks o his Excellency the
President of the Repubic for the
£2000 Prosidential Prize which is
awarded 1o the best graduating
student,

Finishing my speech | would ke to
wish, on behalf of the Ministry of

ating students progress in ffe and
a successtul career.
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EDUCATIONAL ACTIVITIES

The Department of Civil Engineering in collaboration with the Indusiial Training Authority and the Joint Group of

29 on “Earthquake Engineering", The course was presented by Dr Chistis Chrysostomou.

The Department of Computer Studies of HTI in collaboration with the Cyprus Computer Society and i
Training Authority organised a programme on *Hands-on-Year 2000: Options, Risks and Solutions™
October 1998.

Educational Courses and Stafl Training

Hadj 5 Cables” that
was organised by the City University between 21-24 September 1998,

azari, Lecturer of the Mechanical Engineering Depariment, atiended a short course on “Computer Aided
Manufacturing’ that was organised by the Manchester University between 2:6 November 1998.

STAFF. &

Mr Ch Chrysafiades, Senior Leclurer, visited the University of Surrey from 23-27 November, 1998.
Mr A Kkolos, Lecturer, visited the City University from 2-6 November 1996.

1998,

1998,

3 i gineering
and Technical Professionals Association (EURETA) that took place between 37 September 1998 in Kopenhagen,
Denmark.

Short Courses

‘The Department of Mechanical Engineering HTI in collaboration with CEA and the Industrial Training Authority

tod by Dr. I. Angeli

h ial
of Civil and Mechanical Engineers organised rse in “Quantity Surveying Principles and
Bulking Gonracs Admintalon - Part 1 Tondaring and Fnclnf between 28/9/99-14/12/1998.

Traning Authority and the J
of Civil and Mechanical Engineers organised an endorsement Course in “Quantty Surveying Principles and

uikding Contracts Administration - Part 2-Law and Buiding and Civil Engineering Contracts" betwoen 30/9/1998-
211211998,

The Department of Computer Studies HT! in collaboration with the Cyprus Computer Sociely and the Industrial
Tai it rmation Technology” :

[l NT4

) ind Networks”

/1998,

i) "Hands-on VISUAL BASIC ver. 5.0 between 13/10/1996-16/10/1998.

) "Hands-on Windows NT Security” between 23/11/1998-27/11/1998.
V) “Local Area

'd Configuration” between

of Civil and Mechanical Prolessional Engineers organised a Course Part 3 - Quaniiy Surveying Principles and
‘Contract Management during January-June 1999.
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The Department of Civil Engineering HT! in collaboration with the Industrial Training Authority and the Cyprus.
ying Principles.

‘and Contract Management during Fobruary-March 1999.

‘The Department of Civil Engineering HTI in collaboration with the Indusirial Training Authority and the Cyprus.
Group of Civil and Mechanical Professional Engineers organised a course on *Earthquake Engineering® during
February-March 1999.

EUROPEAN PROGRAMME SOCRATES/ERASMUS.

Mr. M. Poullaides, Senior Lecturer in

cwil London, UK.,
CONFERENCES / MEETINGS
Or 1. Michaslides, Senior Lecture in Mechanical the Kick-off meeting for

Enginering Department, paricipated in
Ine European Research PraectINCO “MED.POL Gancerted Acon”hal n Catai, il btween 3:5 March
1999,

Messrs |. Michaelides, Senior Lecturer in Mechanical Engineering Department and S. Kalogirou, Lab Assistant in
Mechanical Engineering Department participated in the 4th mesting for the European Research Fru}lcl INCO.
“Desalination of Sea-Water using Renewable Energy Sources: held in Jordan, between 24-26 April 1999,

ma ol el cf W Machirica idos EnORisy D, il e shot g
‘Sweden, between

418 Apr 1099
0r.D. Sergides, Senior and April 18, 1999
bythe ‘Foenic At

o lres on “Biocimaic Archiecuro and Energy Consorvain”,

4. SEMINARS

O D. Sorgides, Senior Lecturor in Civl Engineering Depariment, in co-operation wilh the Cyprus Archiects
Association, the Association of Civil Engineers and Architects, the Mechanical engineers association and the
Intornational oy

titled ‘Bioclmatic Design of Buidings and Energy Conservation'. The course ook place at the “Elias
Beach Hotel & Counlry Club, between 15-19 February 1999.
Research of HT..

The Research Programmes listed below are in progress:

Orivers
(b) Solar Desalination (EU-INCO).
for ighway traffc in Cyprus.

@

shapod parts.
(o)
o ! EUNCO 97).




1998-99 HTI ATHLETIC EVENTS

ocToseR
Handball \ year st
Pariicpation of HTI Korfball Team in the European Championship hld in Poland.
November

Footoall for firstyear students Basketball

Men's Voliey ballreceived fourth place in Tertiary Education Champioship.
February
Volley-ball champioship for first year students. Indoor football Champioship for second year students.

The Korfball team was invited by the Erasmus University and participated in an International University
Ghampionship organised in Rotterdam Holland. Twenty-four University teams from all over the world participated
the above championship and HTI team received ninth placy

Warch
Volley-ball championship for second year students.

Seven-a-side championship for ll tudents.

The Men's Basket-ball team received third place in the Tertary Educaton Championstip.

“The Women's Volley-ballteam received thrd place in the Tertiary Education Championship.

May

Th Korfball team received first place i the Tertiary Education Championship second place in the Cup and fith
place i the Tertiary Education Futsal Championship.

“The football Team beat the Universily of Crete team with the score 54 (panalty kicks)
Evening, 10 the HT! successful participants in the

During the
various athletic events.




H ZAKO ASOANIETIKH yie Tnv MoAuETr epneipia, MpIV KITOAREE! TNV Mapouoiaan Vo MPOYPORKATOS

vei
Kl TIC GVAYKEG YIa G09AMICTIKA KSAUYN TOU V8pGINoU Tou 2000, To NpAYPaWLa NEpauBAvel Hia oeipd
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Tou 2000,
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A
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ON THE AESTHETIC PROBLEM OF SOLAR WATER HEATERS
IN CYPRUS

Dr . Michaelides, BSc (Hons), PGDipl, PhD
Senior Lecturer, Department of Mechanical Engineering, HTI.

Ch. Athanasiou, HTI Dipl

ABSTRACT

The use of thermosyphon solar water heaters for the production of sanitary hot water is a cost effective and
widesproad appicaon of sola encrgy n Cyprus. Th stimated park of solar collctors in woring ocer s
560,000 me, which .86 m? per d a Gontribution to the national energy
donent o abots 6% Thas e Voamio o Y S i 5 o Vel ad sesli ok o

arhictureofthe buding, — many case a8 prhbiive actorforhe s of such & ril. Thie peper S

ings with fiat terrace o inciined roofs.
1. INTRODUCTION

The almost full inosieg o solar radi-
el togtter il . oot g s 65 1. popln SeaADSE o o energy systems created
favorable conditions for the exploitation and umnzsﬂnn o ot snm T, th cortn o st enersy o

tion in the almospheric paluton that s estmtod 10 approximalely zsn o e o G per year (European
Commission, 1996).

Solar " mainly The
el okl ahomions sl Vaoreychio ool ol it Wl Goavitace otk
plate solar collectors of  m of surface and a hot water storage tank of 180 litres capacity. The unit is equipped
YA e oot ot o 2 W it Uiodh e pnlor oo f reﬂuced e el g by
fact that the suppl Cypr
Shaay a1 oy ot o ¥ o o 54 SO waler ejac v o prove s hntiny
pressure in the distribution circuit This adds extra height to the ur

“The main problem with the use of this type of solar water heater is its integration 10 the building it serves and its

with

s idential
fat or inclined roofs, aiming to the system.
2. SYSTEM DESIGN

The operatin of a hermosyphon sor atsr heter & based on the harmosyphon prncipe. The water in the

fises through the collector into the top of the hot water storage tank. o e v, colr vl belng e
fer, Is drawn in ts place from the boltom of the storage tank. Since the circulating force in the system s only a
small density difference, larger than normal plumbing must be used to minimize frction losses i the pipes.
atr o 1l Qi o e T e ice 85 e of e e Tdialors 1 g
may be as much as 84 kg/h st o . 1562814 Wl sl VAL iy 3 e o o

Tance botusen e o of okocr and i pollm of o et et oage . oo e s i 6,
the larger will be the flow rate. Kreider and Kreith (1977) suggest tha the top header of the collector should be at
least 30 cm below the cold leg fiting in the storage tank in order to have a satisactory operation and also avoid

11




o » 5 g

reverso al
tank i used. Furthe
of Cyprus.

Although the thermosyphon solar water heater is a cost-effective application of solar energy in Cyprus.
(Michaeldos et al. 19920, 1999) and most probably the loast expensive lypo of solar walor heater, i does have
oactin prolers. 1 cran s of bukg b eares,  may e UndaskioorEnposstle o pce ot
waler storage tank Generally speaking,

) Physical and operational, L.e. how buikings are affected by their surroundings, by each other, overshadowing,
st

b
Figure 1 tor

Iy used to support the two tanks and the collectors.

Figure 1. Layout of a fatroof

usually 1o carry the weight of the two tanks ful of
s s b sl o it i s acing an he unk. T raates & provlom il he sesthoto vew of
the unit and the building architecture, owing 10 the the unit, which is usually

P a
vuz, ,m-wm

south or nea
1 onind 18 i feom il (w:m-uaes 1997), then a specl-l stoel structure is needed to nrevm 0

ole,

by

the top header of the collector, in order 10 take advantage of the thermosyphoric effect and avoid the use of a

pump.
the cold water storage tank. This is usually  the use of & ystem in the building

i e for pr
ing roof can be replaced by a flt terrace to accommodato the solar waler heater uni, including the cold water
tank. npr




ieiaa/e
A

Figure. 2. Typical installation of solar water heater on inclined roofs

3. IMPROVED DESIGN CONFIGURATIONS
‘There are several ways by which the visual or aesthetic problem can be allevialed without affecting the system
performance, such as the following (Szokolay, 1975):

a) Collectors with ks in preferer

the rool, to avoid visibiity

©) Thoy may f the roof, if by a parapet and if view
from above is ikely.

) Integration with the buiding, .. the use of collectors as building elements; they may become part of the roof,
& balcony form of shading

. a canopy over

The noed of improving the design configurations fises straight from the definition of the problem. However,

of the installation as much more pleasing as possible. Following aro some proposals, which offer solutions 10 the
problem without considerable increase in the cost.

Fig ather-
mosyphon solar water heater. Generally, for a isdogsstmhing ome o e adequate.

3

1 2
Figure 3. Possible arrangement of sofar collectors in a solar water heater

3, the third . vith their onger side hor-
izontal, has the lowest profile. Theroforo the overall height of the construction is reduced. This is a useful tp for
Syl hal v 5 v ol ol drsnGenart. | 1 M ol sl with the long side
parallel in horizontal position. This twice tho width of
o o 1 o by o ol acod withthe shorsde prae 1 he hocaonal, o one noxt

13



othe other. i i -

imum height and therefore better appearance.

Fig. 4 lustrates a design configuration intended for inclined roofs. The solar collector s mounted directly on the

surtace of the inclined rool, replacing the tle. This arrangement provides for  harmonic integration of the solar

system into the building structure. The cold and hot water storage tanks can be piaced into the atic space as

shown in ig. 4, in a way that facitated. If the height of ih
hot

water . he storage
be place at a lower lovel and a pump should be used for the waer Girulation. The Giculating pump could be
powered by a photovoltaic cell as shown in fig. 6.
1 case that the inclination of the roof deviates from the optimum collecto it angle, the collector arrangement
ilusrated in ig. 5 can be used. The collector i placed on the oof al the desired tit angle and Is then integrated
" (housi sothat L e

]

Figure 4. Solar water

%

= I N B
SLLLIE
SR | |
.
Figu ngle (1 tiles, 2 inclined roof,
3 plasterboard, 4 bracket, 5 solar collector)
way to reduce the height of the is to use a pump for the circulation of water in the
‘system. upper head-

is shown i fig. 6.
@

race roof applications. powered by




shine hours. as shown in fig. 3 (3), pro-
file. The hot water storage tan (6) is placed behind the collectors i low leve,

f desirable, the unit can be accommodated into a special housing, 5o that only the collector front surtace is visi-
ble, as shown n fig. 7. For a more compact construction, the collectors are arranged one on top of the other as
shown in the figure.

/j;l'x‘@/

Figure 7. Housing layout of a compact active solar water heater

CONCLUSIONS
The typical solar water heater in Cyprus, operating on the thermosyphon principle, is usually provided with a cold
water storage tank, which is placed above the hot water storage tank. This increases the height of the unit and

of meth-
‘ods and design configurations have been proposed aiming {0 improve the situation without affecting the perfor-
‘mance of the unit. These include configurations suitable for fat terrace roofs as well as inclined roofs.
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Method for producing amorphous based metals
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Method for producing amorphous based metals
Abstract
Amorphous tungsten, cobalt, nickel, molybdenum, iron and alloys thereof can be formed by reducing metal-con-

80 microns. This is oxidized i than 3% oxygen and an inert gas
o slowly oxidize the elemental metal. By oxidizing the metal under these conditions, the normal exotherm occur-
The

or 10 form the nitrc the silcide.
‘amorphous metal can also be used in a variety of difierent applications.

reactions. The

Inventors: McCandlish; Larry E. (Highland Park, NJ); Kear; Bernard (Whitehouse Station, NJ)
Angastiniotis; Nicos C. (Nicosia, CY)

Assignee: Rutgers University. (Piscataway, NJ)

Appl. No.: 631453
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‘Attorney; Agent or Firm: Wood, Harron & Evans, LLP.
Goverment Interests
GOVERNMENT INTEREST
Work laading 1o this invention was funded in part through ONR Conirol #NODO14-91-J-1818. Accordingy, the.
cortain ‘

Claims.

ron, cobalt

5
7% g an et gan, orty oz wad slemenia el witcut garaieg n e, d kg
‘amorphous metal oxid

2. The method claimed in claim 1 further comprising reducing sald amorphous metal oxide 1o form amrphous.
metal.

3 having.
partice size of ess than 80 microns.
a i
5.The
6. Amethod gsten, coblt nick-
o, molybdenum, iron and mixtures thereof comprising;

metal in than about 3% oxygen i an inert gas at a temper-
ature of less C. wherein metal has a less than 80 mirons thore-

7. A method of forming amorphous metal nitrde of a metal selected from the group consisting of tungsten and

by oth
8. A method of forming an amorphous melal carbide compound of a metal selected from the group consisting of
it said metal to

at a temperature less than 350.degree. C., thereby forming amorphous metal carbide without generating an
exotherm.

Description

'BACKGROUND OF THE INVENTION

“The prosent invention relates to the formation of amorphous metal powders and, in adiion, relates to a method
of produokg amorshous g, olpdanun and mobfcrum sy n hal sy Wil tromu, o
cobalt and nickel and, further,to the use of Y

grain sizo.

These




emens exist in a totally cry: which, of course, can take on several different

forms,
of crystalinity of . effoct
General

in

. by
he prasence of a reducing environment such as hydrogen. The formad elemental matal wil genarally bo.
ine

,ingen-

A
eral, crystaline. Thi tepoated remains.
condtion,

Low surtace area can significantly interfere with reactivity of a powder. Crystaliine powders comprising large

have low surface area hiding interior atoms from reactive chemicals. High surtace area

nanocrystalline metal powders, on the other hand, are very reactive. They often oxidize a room temperature on
contact with ar

fum, in particular, has been studied extensively.

For several decades numerous attempis have been made to produce tungsten powder by reduction using sodi-

um, magnesium, caicium, aluminum, siicon and zinc. For example, Oage has successfully reduced tungsten -

oxide (WO .sub.3) with zinc and hydrogen at about 800.degree. C. After synihesis, the zinc oxide is leached out
hydrochioric acid.

Today on anindulriascae, tngsien powdr s propared by hydrogen reduction of Srgoen i P pu-

ol o yel-
low oxido powder is loaded rate of hydrogen
flow {0 remove the wator. mmmmunmmmmmmmamm

of have boen per y

SUMMARY OF THE INVENTION

recucing the metal compound in a hydrogen atmosphere at elevated temperature. Siow, low-temperature, con-
rolld reoidation of promotes size, ie.,if the

als such as

Futhr, heso amorphous metlsand alloys f 1030 motlscan tha b reacled it gas composions o ow
carbides and silcides. The objocts and advan-

tage

BRIEF DESCRIPTION OF THE DRAWINGS

FiG.1 descrived in Example 2.
FiG 3
FiG. the products of the Example 4.
DETAILED DESCRIPTION
o spec
iron, cobalt, and nickel. The start of
etal
preferred.




oo o, somplin il lmerll o i S Sl ik,

cally, driven off such as other unwanted
O, e o e S oo S o ek e
quite sutable. I an ally i desired, a mixture of the tungsten compound and a smilar compasite formed from a
Second mefal serve as the starting materal,

Specific molybdenum compositions include elemental molybdenum, molybdenum oxides and ammonium molyb-
date, which is water soluble.

Polmably i g alsn ol st Yoo W B fom ok 5 15t o o e T

gaitcs s canb for example, grinding g v
ing a solution g this. nly.

poricis o o oo, ma at pa from two or o hat unm\nlﬁly he
alloyis for

The solution can be of any dilution up to saturation of the individual components, The solvent can be water or an

fore fo sironmettal aasons. The soloon sl showk be fofmed wihthe slarting materls i a o eaual

i i s e e o . clmbel i ol T W ey i ol oot Vo o
, the starting sol f tungsten and molybdenum.

At hwss ar ol sy et o amorphos pericos b o ol iz of o 81

about 5 mi

The el e thr tauosd n 8 yeogen amerment o s aplskirs Lokt e ki ko the -
position. This can vary from about 500.degree. C. up to about 1,000.degree.

sphere. This is continued until substantially complete reduction occurs. This will form the metal composition.

Inurio e b el onptgice e aced et parldes ot ot e tirled
reoxidation. With
o, diin il he composion 1 the oxde orm aimoetInstaiancausly. However, by conroling 1o wndmnq
environment,

ree. C. and controlling the oxygen content of the environment at about 0.5% to about 3% oxygen,
preferably 1% to 2%, with the remainder of the environment being an inert gas such as argon of nitrogen.

Over

i form, which means when subjected to X-ray crystallography it fails to produce any. chamclansllc crystaline

poak. The elemental can then be

ature in a hydr here. This wil, in turn, ! ich will gon-
y than or equal to 1

If the metal is phous, the oxidation ted be

reduced or eliminated.

The b
ammonia (instead of oxygen) to form amorphous tungsten nitride. The beta.-tungsten can also be reacted with

temperature and concenlration of reactant gas (NH.5ub.3 or CO) to avoid a rapid or strong exotheric reaction.
As with the oxidation reaction, the nitrdation or carburization reaction must be conducted at less than about
350.degree. C.

ol
pr ly 3 gsten,
denum, as well as iron, chromium, cobalt and nickel alloys of tungsten or molybdenum.

Once formed, “The indi-
vidual metal composition or alloys can be reacted in the presence of ammonia to form the nitride composiion. The
Jemental wuch monoxid

mixture, to form the metal carbide.




“The carburization reaction to form the carbide of the individual compositions can be conducted in  fixed bed or

methane or ethane. Generaly, the reaction mixture will have suficient carburizing gas in an inert environment to
establish a carbon activity of about 1. This is passed through the amorphous metal.

acton is conducted at a temperature of about 550.degree. C. to about 700.degres. C. over a period of 20 to
B e T e i partice size of less than 20 nanometers, preferably less than 10
anometers.

The tinvention will be further of the

EXAMPLE 1
Preparation of amorphous tungsten via alpha.-tungsten

Anmorka risogsits (AMT) was pylyed by heaing n flowig felln b S00eprs. O o prct

sub3x, a mixture of <,

reoidized n a 2% mixture of oxygen in hellum, and imzHy re-reduced in hyrogen o produce high surtace area
alpha.-tungsten, alpha -W. The high suriace area -alpha-W was cooled to 25.degree. C. in flowing helium gas
e Nt i i o g b 00 e . loing 5% Oub2 Mo rocks arcrphoue i
sten oxide, gamma.-WOsul

Temperature (.degree.C) Time (minutes)

25 300
100 200
200 200
250 600
300 1800

‘The .gamma.-WO.sub.x was heated in flowing hydrogen to 400.degree. C. upon which it reduced to amorphous.
tungsten, .gamma.-W,

EXAMPLE 2

Preparation of amorphous tungsten via beta tungsten

N v AT iy i e i o 50 o 6

WOsub3-x, a mi

aiod Wk pees ot ‘oxygen in hellum, and finally re-reduced in hydrogen o pmﬂm:e hlgh il

beta -tungsten, beta -W. The high surface area .beta.-W was cooled to 25.degree. C. i flowing helium gas and
i c

gamma. WO.sub.x.




Temperature ( degree.C) “Time (minutes)

2 %
100 200
200 200
250 200
300 170

The .gamma.-WO.sub.x was heated in flowing hycdrogen to 400.degree. C. upon which i reduced to amorphous
tungsten, .gamma.-W. This s further depicted in FIG. 1.

EXAMPLE 3

Preparation of amorphous tungsten nifride via beta -tungsten

beta.-W s heated in a series of steps to 300.degree. C. in flowing ammonia gas 1o produce amorphous tungsten
niide, .gamma.-WN.sub.x or delta.-WN sub.x.

Temperature (degree.C.) Time (minutes)

gamma.-WN.subx

25 0

100 300

200300 400
dolia WN.subx

25 )

100-300 400

“This s further depicted in FIG. 2

EXAMPLE 4
Preparation of amorphous tungsten oxycarbide via beta -tungsten
i 300.degree. C.in

betaWie
nitride, .delta, WC.sub.x O.suby.




Tomperature (degree.C.) Time (minutes)

2 100
100 200
200300 400

“This i further depicted in FIG. 3

sont invenion is aiso useful n the elemenial form o provide amorphous powder coatings and the k. They can
alloying

The amorphous metal axide can also be used in any reacton caling for such an oxide. The decreased paricle
size should faciltate mixing and improve reactivity. The partcle size of the oxides makes these oxides uselul as.
pigments and coatings and in ceramics.

1o practice this invention. Further, the best mode of practicing this invention is aiso disclosed herein. wherein we
claim:
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Nanomaterials Research Center

N. Angastiniotis, A. Stassis, Mechanical Engineering Department

been demonstrated for a broad range of such materials. Examples include malerials whose strengths approach
that and 2

magnet
derive from . such as grain size or

for nanostructured materials include paint pigments, cosmetics, pharmaceutcals, medical diagnostics, catalysts.
and supports, membranes and fiters, batte fuel calls, electronic, magnetic and optical devices, flat panel
displays, biomaterials, structural materials, and proteciive coalings.

it ncompasses o slmris of e M.un.w. Science and anmnmg contim, Pt sinhoss oo
ing, composition, structure, Exa with

ous solution and vapor . (@) by nd
temperatures, ‘superior properties for optical, magnet-
e, electrical, chemical and structural appications.

Gurrnt reseaoh s focused on methods ot the procoton ofgh suface

e nanopoudars (slsyss, dlec-
il fab-

— pmqmnm syiane). wnd ancptese coupotes (g Watne eges oot vese) For
promising. Methods are aiso
being developed for mwmlmg v comam pomdue, Wit ik it g coamveni > S
engineering approaches for these new technologies, and to assist our industrial partners in their scale-up for
industrial use, we are examining the gas and liquid phase synihesis environments using various nor-ntrusive
diagnostic probes, e.g. X-ray difraction methods, thermogravimelric analysis and validated computer modeling.
Thus,
the actual production processes.
In order to furh ransior, the rch Center serves as a bridgo fo toch-
nology developmant between tho sciencafechnology crealors (he n facully and students) and the fechnology

' NRC has

T
erated arge . Both of the focus on the commer-
cialization of advanced materials processes for enhanced mechanical properties.

For further information, contact:

Nicos Angastiniotis/Andreas Stassis
ouring




Best Projects in Plant and Production Engineering

N. Angastiniotis, Mechanical Engineering Department

DL by which
he Higher Tochnica Insliute wil serve as  brdge fo tochnalogy development between the sciencaechnology
creators (tho Higher Technical Institule faculty and studants) and the technology users (industry at lrge). Undor

his endeavor, a state-ol-the-art Nanomaterials Research Center (NRC) is being estabiished at the Higher
Technical Instiute, aiming at its own application goal(s) and commercialization stralugy Now in its first year of
operation, NAC nihesis, which is focusing on

hard materials,
Witin the framework of he nanopowder syrihess dvsion, lour fnl yoar prjects wero wopmea w or

Wetk avarded o pitm b e bt it e Mshankcet Eninaarng Dapariert, Speoliaty T profet
under the titl, “Design
oanrides was awarded the prize for the ‘Best Project n Producton Engineering” whereas the projects under ho

ties, Triortzis and Design of an Adiabatic
iquid Droplets™ p

Engineering’

Afeature of all three projects is that it il elements of the Materials Science and

Mechanical includi thesi ing, composi-

. including
tion, siructure, propertie, performance, diagnosiics and modeling.

A st scphahaty i o o W ot sy it ol s b o
tncty i very pr their own
reun o i s st btom




ihe course of their
sl Gyl corpena sl 28 Erto oyl Tpklrgent G it Central Heating Equipment, lha
Oxygen-Acetylene Industries Ltd, Anaxagoras Peumatics Lid, Christakis Agathangelou Manufacturers
himades L, Sprol Elacroic Senices, Gladonian Gommerdil o Ld and ine oor madium 8i26 campe
nies. Valuable input was also provided by the Electrical Engineering Depariment of HTI and more specifcally by
11 ectrer My aannis Demelriu, the senor nstvuctar M Coslas Georgiade, th instrctrs M. Panicos
Hadjimichael and hr. well as by the M,

In conclusion, the evaluation hemical Laboratory,
the Geological and the Cyprus Institute of Neurolog) i




MODELLING OF THE MODERN HOUSES OF CYPRUS AND
ENERGY CONSUMPTION ANALYSIS

G. A FLORIDES, Mphil, Senor Instructor, HTI
. A KALOGIROU, Mphi, PhO, Eur Ing, CEng, MCIBSE, MASHRAE, Instructor, HTI

ABSTRACT
This study uses TANSYS to model and simulalo the energy flows of the modorn houses of Cyprus, followed by

3 is estimated. This tom-
per °C for summer. The effect on

s determined.
cates the importance of the roof insulation, which results in a reduction p to 47% of the cooling load and up to
ssed

o amlh aseru? e, The M e oat s s vk o coronic unmy;u of the various
constructions with marginal
Reguie: snings, viemns ha ot o e onadeat seororic beri oy o oyl sasie of

1.INTRODUCTION

g.

lpm is quite variable i ime, prmarly the hourly
in solar
th dicurs ard a1 s e e must bo taken Into account therwiss the cooling and dehumic
fying equipment will usually be oversi

reer ‘which will be paper, namely:

() Heat Gain
Heat gain i the rate at which a of sensivle and
it ga. Hes g sl ovcr e ot o

W Solar radiation through openings

] adiation rom the

1 Sensitie hoat convection and radiation from intermal objects

B Ventiation and infitration

B Latent heat gains generated within the space.
(o) Cooling Load
The cooling load is the rate at which energy must be removed from a 3pace to maintain tho tomperature and

values. oy

1 b space. Tis energy bcomes art o the colg oad ol when he room o eceves the enery by cor-

lag depends on the ‘objects and significant wheo e
thormal mass (product of mass and specifc heat)is greatar. This maans that the reduction in the peak cooling

foad can people, the lights
and equipment acts in a similar way. This means that about the same total amount of energy must be removed
from the structure during the day b a larger portion must be removed during the evening hours especally for

2



heavier construcions.
(c) Heat Extraction Rate

‘The heat extraction rate is the rate at which energy is removed from the space by the cooling and dehumidifying
equipment. This rate is equal to the cooling load when the space conditions are constant and the equipment s
operating. Since the operation of the control systems needs some fluctuation in the room temperature and also
the cooling load is also below the peak design value, intermittent or variable operation of the cooling equipment is
required.

ne of s
tion approach, , can provide the loads from various parts of the build-
G0 s s St o i e

2. THE TRANSFER FUNCTION METHOD

The ASHRAE Task Gmun on Energy Requiements developed the general procedure rfeed 1 as the Transler
Function Method (TF! transfer funcions (CTF) and room transfer
funtions (RTF). e oo response time series, which relate a current variable to past values of tself

nd other variables in one-hour periods for buiding analysis.

Omar and Khalid (1997) have used the transer function method to predict the hourly cooling load due to different
types of wall,roof and fenestration. The outpus of the program developed by the authors based on the transfer
function method was tested with a commercially available program and the agreement was satisfactory.

2.1 Wall and Roof Transfer Functions

=S s )10 6= i) o

where:
o heat gain through wall or roof, at calculation hour ©
A indoor surface area of wall or roof
0
5
n ‘summation index (each summation has as many terms as there are non-negligible values of coef-
ficients)
tuw = solair temperature at time ©-n5
I constant indoor room temperature
b,C,d, = conduction transfer function coefficients

the wall or roof, These coelfi-
sl e gk lse JSHAAE i Handlmuk 1997). The b and ¢ coeficients must be adjusted
(. ratio

n equal . n equal to one
is the previous hour and so on.

The sol-air temperature s defined as:

@




te =solair temperalure (C)
Ie = current hour dry-bulb temperature (°C)
a = absorptance of surface for solar radiation

[ = total incident solar load (Wim?)

5 = time interval (hours)

£8 A2t org e o ot <70 b et oo, 7 fr ) oo
KIW for ali

ety

2.2 Parttions, Ceilings and Floors.
Wnensvelacondmoned ‘space is adjacent (0 ofher spaces at diflerent temperalures, the transfer of heat through
lon can be calculated by equation (1), by replacing the sol-air temperature with the temperature of the
Idplcwvv space.

23 TRNSYS Overview

TRNSYS s a transient systems simulation program with a modular structure and is used in the present study for

deriving the results. The modular nature of TRNSYS makes the program flexible, and faciltates the addition of

s el il the i TRNGVS o il s o dee diafoes of i e

behavi ansient

fressiedstanns progan can soe Imge et of sqsiivs Soouted o Folvan sibvouies Eacn
fie,

user directs TRNSYS to connect for The

“The flow
chart of the deck file, written as part of this project is shown in Figure 1.

TANSYS allows the users to completely describe and monitor al interactions between system components. The.
program library includes many of the companents commonly found in thermal energy systems, as well as com-

results. The modularity of the program aliows the user to have as many pumps, chilers, cooling colls and solar
paneis as necessary, in any desited configuraton. For the prsent study Type 19 TANSYS mode will be used
(TRNSYS,
ing from wals, windows, fat roofs and floors are calculated with Type 19 model, by utizing the transfer function
method.

Lie, Inthe

‘Additionally, heat may be added or removed by the use of a ventilation flow stream or an instantaneous heat gain
input and a controller s sed in conjunction with this mode to control the heating or cooling equipment.




TYPE9 L, PE 16
TMY File DATA READER SOLAR RADIATION
PROCESSOR

Various
ters

relating (0 the

building siructure

Figure 1. Flow chart of the TANSYS deck fle.

bt oy o

Pl ' adaionon  horzoia surfeceat me next hour (ki)
o= e e sar rgaton at e et v (ki
dry-bulb temperature at the next ime step (*C)
humidity ratio at the nex! time step
velocity at the nex! time step (mys)

. fk) ln o stk 1] (imen)

‘beam radiation on surface number for i (ki/m?h)

2o nperahse (:0)

sensible load (kJ/h)

latent load (ki)

total load (ki/h)

Type. o
radiative resistance at the inside surface. Thereforo the standard ASHRAE inside surface resistance E which
radiative be used. i

TANSYS, only an insi 0.1044 Kok
for the p ol Type 19, for

ai tmperatures. The standard ASHRAE .

is used only o calculate the sol-ai temperature.

Bansal and 1996) DMIT and used -

(1996)
ing under similar weather conditions i order to evaluate the accuracy of their program. Simulations have beer
st oo iant Ghosls Hien Gl T Tl A0 oy, arebhashns sikr cenilos of
glazed/unglazed areas and ventiation rates.



2.4 Typical Meteorological Year for Nicosia-Cyprus

“The general dlimatic conditions of Cyprus are mostly very sunny with an average solar raaion of 5.4 KWh/m?
per day on a horizontal surtace (Pelrakis ef al, 1998). This radiation s among the highest in the world and the
solar ener st from Aprlto
year, sunshine duration remains considerable even in the coldest months. Al lests are carried oul in Nicosia-
Cyprs: For i eason Tyl eleoroogcl Year (TMY) o s e necosary. Potakis of . (199) e
gsnerated me TMY from hourly (globat horizontal S“"at‘ﬂ- for
period, from 1986 10 1992. Service of the:
Mol of Agrcuhurs an Nl Pesources of Cypru, at e Alalessa ragion,an res oote o the eis
of Nicosia. Athalassa s at  lalitude of 35°09', longitude 33°24 and 162 m high, above the mean sea love,

3. THE CYPRUS HOUSES

‘The present trend in residences is (o construct very large houses, wellin excess of the needs of the occupants.
with a ot of ‘decoration, which

Cyprus. abuid-

ing, which may be either a large muli-storey building or single-storey one, consists of the foundations, the.

columns, the beams and slabs. The bearing structure is made of reinforced concrete. For the conerele mixture.
rland cement, fine aggregate (sand) and coarse aggregate is used.

plaster on both sides. The dimen-
sions of 10cm.
4 rane of shoil 15 DX ho el yva e o 1510 cmv external walls, consiructed of
two brick walls with a layer
i e ol el S 50 T B el f oot e, Sovers whety sty
ind or screed of about 10 cm in which all plumbing and other services are placed, and finally the floor
finish (usually tles, marble, or granite blocks).

Plaster 2:3 cm ~\

Clay bricks

Insulation

30em

Figure 2. Detail of External wall.

Fat hortzoial ol wic constte e oy, condle o he s sl 150 n kness, it 1 s
allayer of plastr of 3o at tho unlorside appned ¥ sl ol o corercied L, oot vt
Usualy the roof

i s o 09, Homever iing the resant yaars, e et st 610 ssr oottt s

slab, insulated very lightly and covered with a layer of mortar and oof tles on top, without a faise ceiling in the.
foom (P ) T wdac o S it of contsen s b R sl sl e any sl
skills and is cheaper. Of course this method . since the heat gains o

Vi o ncrease o b roof areathat oo ot v aciona nsulaton 1 & i caling undermeatn

36




Roof Ties.

/w -

slab

Figure 3. Detail of Roof construction,

ruction of total weight of of floor area.

3.1 Model House Construction

TRNSYS model 19 is used in order o simulate the temperature variation obsarved within a model house in
npiy of

, has
a loor area of 196 m? and consiss of four deniical extern m length by 3 m high, with a total window
opening of 5.2 m on each wall. The window area is upawx»m.n-ly ol o o ro it s i
have, bt nlad ofconsidaro 8 s of o oach wal, only one

2 oqual 10 the tota aea. Since tho same model il be used in valuating the foad o various consirc-
Yo i evalon f ot

|
I
I

PLAY viEw

TYPleAL sEcTION

Figure 4. Model house architectural drawing.

a7



4. RESULTS

TMY weather file. Two parame-
the inside temperature and the energy consumption, resulting from various buiding con-
eickind o o e o,

4.1 Standard construction methods
“The houses in Cyprus are usually built with hollow bricks made of fired clay.

. for a temperature.
diterence of 15°C (20 - 35°C),

Secuve days In carly February. The wall consiruction of he two cases tostad is exactly he same (0.2 m single

case and 0.4 W/ m K was used in the second.

20

e ~ k=0243 Wimk
-K=0.400 WimK
9 1317 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77

Hours
Figure 5. Temp of the model house for in early February

Asitis seen a very siight difference of the lemperature between the two results, with a maximum of 0.3°C. The
the year. This means that the wall

brick thermal conductivity is not an important factor.

‘The response of the model house during the hours of a typical year is shown In Figure 6. The temperature varies

app y 30-4 .

The cooling Table 1. As tis

chinddad Tl € G4 1o W 5 et wch ket e bl Cncaniig 1l ofer:
) foad is higher for the East and South walls which receive and transfer inside the house,

slr ot rig o bt e o e duy The b o o Hopec x i Norland Vsl et

receive and transfer less

1o be a partiton.

. Instead, 3 v 16and
22°C, in relation 10 the ambient temperature.




Temperature °C

Hours of a year
Figure 6. Temperature variation of a typical hous for each hour of a typical year.

“This variation may be presented by:
Tor= 16+ (Ta/7) ¢ @
where:
Tor = ground temperature (‘C)
Ta = ambient temperature (C)

Also the actual floor type as constructed in Cyprus was used in the TRNSYS calculations. This type of floor was.
considered to consist of 10 cm heavyweight concrete, 5 cm of compacted sand, 5 cm of plaster, 2 cm of marble:
floor finish and the insido air resistance.

Table 1. Cooling and heating load, aising from every constructional element of the model house.

T
House Element |
[ South Wail

Cooling Load (KWh) | _Heating Load (kWh)
for 25°C for 21°C

1510 a9t
470
627

| 606
1974
5094

569
574
572
567
1224
12768




. shownin Table 1,

“The reason

ing the fioor.

ecking various wall construction methods used in Cyprus, thei effect on the houso temperature can be
observad. The investigation is performed for the following thrao cases:

(2) 0.2 m single hollow brick wall with 0.02m plaster on each side,
(6) double-wall with 0.1m hollow brick and 0.02m plaster on each side and a layer of 0.025m insulation in
between, and

(@

layer

was assumed. The results i duri
788) the temper

(Figures.

——single Wal
5 ~ = ~ Double Wall2.5 cm Insul.
= = Dauble Wall5 cm Insul.

5 L
6 9 121518 21 24 27 30 33 36 39 42 45 48 51 54 57
Hours.

Figure 7. Temperature variation for various wall constructions in early January

e soai e . vhr e e fomd o poc 6 4 oo a ikl Ja i b o
and 21°C, for As it soen, a reduction
o e of 0.5 0 rets every case.

The value of rstood if

the
any Keeping the lemperature in the range of 18-
25/C and the humidty ratio between 0.005-0.008 (kg water/kg cry air) are Indicated in Table 2.

25°C,

A 1.4% rosult ind a reduction of 2.1

8-21/EC.
s also important to note that in increasing the house temperature from 18°C to 21°C, the heating load is moro.
than doubled.




Temperature °C

Singlo Wall ]l
a1 - -~ Double Wall2.5 &m Insul
- - - - Double Wall-Scm Insul |
27

6 9 1211518 21 24 27 30 33 36 39 42 45 48 51 54
Hours
Figure 8. Tempers for various id July
K}
| e seoevmn
Singe Watw21'C

—6—Doctlo a4 5. nsul. ot 18°C
— 6 Double Wall &5 cm sl a1 21°C

Heating Load (kWh)
3 .

6 8 10 12 14 16 18 20 22 24 26 28 30 32
Hours

Figure 9. Heating Load against Time (hours) for | temperature at
18°C and 21°C.

Subsequontly, the importance of the roof consiruction s ovaluated. For this test, runs are performed for a 0.2 m
single hollow brck wal with 0.02m plaster on each sight and the fllowing threo variatons:

(a) a non-insulated roof, constructed from fair-face 0.15m heavy concrete,
(b) insulated roof, fair-face 0.15m heavy . and

igure 10. As itis seen, a major saving can
00! since ther 2 maximum of 3°C during win-
{or for an ndsic oot and he lempershwrs varalon i (e case e Cose 1o 1 recee foom lemparars

o



Table 2.

Double wall with 2.5 | Double wall with 5

Single wall | ™ insulation m Insulation
% %
Load twn) | () | toad | Gwn) | load
reduction reduction

Cooling at 25°C 31085 | 30620 14 30420 21

Heating at 18°C 5966 5557 69 5380 98

Heating at 19.5°C | 9030 8485 60 8246 87

Heating at 21°C 12775 | 12078 55 11765 79

(Figure 11),

ie.,a significant i Aclos-
er look on the cooling and heating loads for various 0ol constructions, for keeping the model house at various.
ro0m temperatures is indicated in Table 3.

| === Nonnsul Roof
1 S — ——2:5 cm Insul. Roof

- = = 5 cm insul. Roof

9
6 9 1215182124 27 30 33 36 39 42 45 48 51 54
Hours
Figure 10. Temper ion for various i danuary.
“Thus for keeping the 125°C, 31065 kW s singlo wall con-

struction. A load reduction of 38.3% results for a roof insulation of 2.5 cm and a reduction of 46.6% resuls for a
ool with 5 om insulation. The heating load presents a reduction of 62.3% for a roof with 2.5 cm insulation and a
reduction of 72.9% for a C,

19.5°C, a saving AL21°C the




42
40
o 38
g%
g
g2
2 30
2
2
6 9 12 1518 21 24 27 30 33 36 39 42 45 48 51
Hours
Figure 11. ™
Table 3.
poratures.
Singie
wallno- | Single wall with 2.5 | Single wall with 5
Roof | cm Roof Insulation | cm Roof Insulation
Insulation
Load s *
(Wh) | (wh) | load | (wh) | toad
reduction reduction
Coomrgat | 31085 | 19170 | 383 | 16590 | 466
Heargal | soss | 2049 | 623 | 1619 | 720
Healing al
1950 %30 | 4034 | 553 | 3102 | 656
Heairgat | 12775 | es3 | s03 | so7e | e02
4.2 Effect of Mechanical Ventilation
Al ventilation to the the effect of
space ndoor
1.7 s per m? of floor area is
M(mmummmmmu 1965). This amount corespands 1o 1500
khot
il havo, is negigibie. In summer
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e a0 sond ki e ek ks s Pl 12; WS bty o s o 02 bk
C, 1102°C.

Temperature °C
BL8ag8arsd

6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54
Hours
Figure 12. - Sl for

lodel houses, to enter the.
ouse when in winte the outside tamperature is higher than the house fomperature and vice-versa n sumer,

results indicated in Table 4 are obtained. As il is seen, in winter there is no appreciable effect. In summer this
leads 10 a saving of about 29 10 7.6%.

‘Table 4. Cooling and Heating Loads for various r00f constructions, with mechanical ventiation.

P
o Routinodaton " | Rootmetston

(kWh) % (kwh) % (kW) %

Loaa 5| 8 |sF ] 5

H RIERN EIREF AR

H 33|55 | 5§ |33 8% | 5§ [3¢

T (o171 | swoes |29 | 16417 | 10170 |39 | 16529 | 0590 |76

Heaa | 12rse | 12175 o1 |ea4s |33 | - |sors |sors | -

4.3 Inclined Roofs

Finally the effect o constructing an inciined roof instead of the tradtional flat roof, is examined. This is a con-
Table 5, the inclined
i «, when con-

used

0l 192:25.7%.




Table 5. Cool Flat ang
£.5
sef NS, 20" Inlined roof EW,20° Incined roof
5
525
‘ W)
| - T
o) | H o &
| i £ 1 H H ef 3
g5l i 2 H : i
| SRR EH
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5. ECONOMIC ANALYSIS

obtained.

Table 6 are

A4k ls bsarve T doutk wellccnaincon nesily paye back the el caphal e, Locking o iom
. The

main load

Table 6.

year
building is conditioned at all hours of the year.

in the bullding comes from the roo therefore ts insulation results in I-ran savings, ranging from CE 6770 lo C&
these numbers ngs. y

9 yoar per
Healing Double | Double | Single wall | Single wail
tomperature | wallwith | well wah | wih25m | with Som
c) Som Roof
iindaion | Wisomton | inbets | womiaion
8°c -83 92 6770 8074
195°C 58 56 7002 8361
2T 30 15 7260 8681

6. CONCLUSIONS

encountered in Cyprus. This is achieved using the TRNSYS program, which performs the above analysis by

atypical model house are used.
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1020C
for winter various wall and
mmmnmnmmmmmmm vhich roms n 8 ocuctn 1p 0 47% of

Airis allowed

10 enter the ‘higher
in summer. "!Illmlyﬂshﬂm&smﬂlnvdnmlmullmlwmmmmumnmmnbmml
% his

construction decreases oy

Finally a feasibity study is present the
ottt Th rsuts et o v pedeon pars bk n 8 v yours perod mhorets ]

foom temperature and the insulation thickness.
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INTRODUCTION

the interest of quality is growing al
demanding. They are no longer willng to mm irr aualy of sy woqmn B enela Ik b me

markel, DH, 1996]. Therelore,
in the run 1o the new millenium, nwugnnhlwmhwsmlncrqnmm Provided thal Cyprus wil join the
European Union (E.U) in the next few years, the Cyprus industry in general must be greally improved in order to
‘compete with other Et

‘The main objective of this Joint venture investigation was to demonstrate how identification and analysis of

1 resul the

The study investigated tho potential of improving the perormance of the Cyprus hotel and banking indusiry, by
carefull the degree i

Was 10 invesiigate how well the difernt hotels and banks in Cyprus aro saistyng these needs and comparing

Quality Management (TOM) implementation, which s the ‘Diagnosis Phase'. Improvements on the perlormance

the quality levels offered by the hotels have been identified and correctly m)ul(»dv Differently expressed, this.
means ying o close tho gap belween the two'. By identiying the needs of the customers and the qualy evels
o he rganzaons, alowsrecammondalions ot ackons o 6o fakon and g e pans ot implmentaon of
aualty programs

RESEARCH METHODOLOGY

vice filds,

cases. 1995 and [Ryan C., 1995] the best
method of conducting a survey and collecting information m and Wlnloﬂl rom farge number of peoplo, is
1o produce a questionnaire. This was the method that was adopted.

pite ‘some aspects of

vice qualty and customer care.

Bearing in mind the aims of the research study, it was necossary to design different quostionnaires targoting 1o
diferent people and diffont objectives. Very brifly each of these questionnaires includes the following for the
hotel sector:




(a) A Questionnaire addressed to hotel managers: 43 questions (in the great majorty closed-ended)
addressed to 28 managers, covering all aspects of TQM: peaple, tools and systems.

(b) Customer importance questionnaire: Addressed 10 30 customers, asking the to rate on a seven-point
scale, the relative importance fo 19 Key factors (attributes) given, related o customers staying in hotels.
(@) Customer satistaction questionnaire: Addressed to 30 different customers, asking them 1o rate, on a

ven-point scale, their rlative satistaction with their stay at the hotels of Cyprus, for the 19 Key success
factors previously ranked.

pmclmunars Seveniot s (st riremens) ac 50 o (e thal e minigeciond ca o
order to satisfy The
for

vadmg of
those requirements was used as a walgm.d factor n analysis of the factors prioiisng the immediate aclion hat
should be taken by senior management, which was accomplished using Qualty Function Deployment (QFD)

y i

approach.
ing resource centers, CD-ROMs and past surveys.

‘The proper design and layout of those questionnaires was therefore of paramount importance since it was the
i ol b oy e The o ot managermentguesontale wea gl enced e
in 1993 [Angeli L, 1993]. Mestings with the bank man-
agement and saror olicers om the CTO (Deparimnt of staltks) wero aranged in arder 1o dscues 1o
“WHATS' and the ‘HOWS' and give their own opinion and views in order (o prepare  final ree diagram with all the
WHATs, HOWSs and their interrelations. This was used as a guide when the data was inpulted in the QFD matix.

,a to enable the authors o tost
the refiabil the managers were taken into
‘account and changes were made regarding the layout, length and suitabilty of some questions.

For the customers there was no selection. A random sample of about 60-100 (Depending on the case) was given
a questionnare 1o answer. The customers were from different banks or hotels covering th island. The
customers were asked 1o grade the key requirements in a scale of 1 to 7 indicating the importance they pay to a
particular parameter.

with the same parameters) with their bank or hotel.

‘The sample size s of vital importance in any national survey especially if you are dealing with a very large pop-
ulation. So is recommended to reduce the original number using certain rules. An exampl s given for selocting
the sarpl sz bt e maragement questonnira. Alar meetn senor offcrs rom e OTO (Dapartct of
) they recommended to exclude the no- star {o 2 stars hotels from the survey. So the population of the

from total 534 ta 150. 28 (total sample) the statifid random
St M (IabC 1. TR Wi Y ] @ v & ondecialin ssbind f i 55
ulation under study (1. the 150 units), with respect to stars, location and ar

1998.
sonal interview (customers) was used as a work tool.



Table 1: Selection of sample size by area and hotels stars

f-Zovuze

RESULTS PRESENTATION AND ANALYSIS

Prosontation of resuls is of vial importance. They should be clear, accurate, consistent and undorstandable by
the paople the report is addressed. It is important o use the right 0ol form of layout to present the results (i
1655 for purpose) e. bar chart, lable, gap analysis, ree diagrams, mull allrbule dagrams etc I the following

 were mainly
o 1 o 10 et B o Ko v f Vi o Pl & B o, i o s ot By
oo o chac, . In the case of the results of the

ol
iedpy
G sl 1 v o Vo it A i ol T coml eSSl i s i
of the commercial banks are not shown. They are compared only with the co-op bank. The detail esults

were 2 expectations)
i t

‘chart form on the main reports (Zarvos G. 1998, Economides A. 1998).

in report, a nalysis of the hotel resuls
ronbeshisigiom Aty lmpannnl i ol sy to .ot and 1o what xtond

of the four quadrants. The
the use umm-numnm
oy sk W quanitaively analyzes wha s importan 0 customors. how the ustomars prcone
hotels, and on I
ity a W satis-
facton i of desird stay,and tho actual alriutes o a sty,then whers
y 1 and 2 where



Table 2: Customer satisfaction survey in banking sector

[ "CUSTOMER URVE)

aline. The inee, wtich e
o slups, indicate satisfaction (shown with continuous lines) while fines with negative siopes. il e
oo ahcur i e . Th esla e sop, i poliv o ngae, o reales he oo of -

n respectively. It on Figure 2 that the for customers.
- i el o st 55 s '9o0d point where managers could start their improvements.

The graph clearly indicates that factors such s, ‘clean rooms’, ‘qually of food!, friendly’ which are all placed in
Quadrant 2 (. very important and highly satisfied) show a negative siope. Expressed difforently, hotels cannot
meet the most important requirements of their customers.

What also emerges from the graph s that customers are mostly dissaisfied with ‘quick service'. Biler [Johnson
P. Thomas B, 1993] reports on this: ‘o a total of 180 complaints they record in hotels 38% felinto the cat

of unprompted and unsoliited employee actions'.t is advisable to compare or confirm the results of a new sur-

50




ey wih ofher survey resulls executed in the past in Cyprus and abroad, i any. The Hotel results confirm the
fesuls of a previously quoted study [Salen F., Ryan C., 1992]. Clean rooms, quality of food, friendly stalf, location,
ks and ovru Vel are o i imporance o he oslorers o male wio are ey and vhers they

foo r-wm ‘and intangible atiributes of the hotel product are o .mgenum 10 the customers. ‘Clean rooms' is
clearly the most important elemen.

A ‘satistaction of good, at
i ch

s clean rooms' and ‘wake up cal, but lowest wilh the intangible elements, such as ‘quick service' and individual
attention’. A possiblo sxpllnullm is that for the management of the hotels I is easier to correct problems related
ing. monitori the staff is more difficul.

When managers were asked to rate how much their customers®are saisfied with their hotels a mean value of

also argued the managers overestimate customers' perceptions. This is very usual in this kind of surveys in all
countries.

‘Table 3: Comparison of two studies (Cyprus & UK) for customer importance in hotel Industry

ATTRIBUTE AVERAGE IMPORTANCE FOR:
CURRENT STUDY | PREVIOUS STUDY

Clean rooms 348 ( 679

Qualty of food 6.160

riendy staff 6132

Location 6384

Gveral value 000 6342

Quick service 565 6.286

Quiet stay 545 6.664

Note: 1. Tho numbers in brackats indicate the ranking order
2 For the provious study: sample size- 145, number of tirbutes- 3

il and satisy those noeds. A very good way 10 understand and satisty the customer needs is Quaiiy Funciion
Deployment (GFD); GFD s 8 qusk nprovement sl ha s Lase on obiang csiomars eeds by cecy
interviewing them. It is a dosign oo that match with the

oo T preieh e veiSion b A ek 15 EAI ©iaCmee P
Furthermore, th esuts can be used to priokize the most important design iemens, eftorts and

mumhnmmmnwmwmmmwm which s demon-
strated in the following pages, fugure 3

The Importance Rating Is useful for priortizing efforts and making trade- decisions. Numerical tables and graphs.

they are showed on Table 2.
Action can be taken only from hows', So important rating for these hows' is needed. This Is calculated as
Importance Rating by QFD exercise. Weighis aro assigned o the Relationship Symbols: medium=3,
weak=1. The 9:3-1

9904 making inprenan-an ocomiraraon. They WA Fe maicatian e s et o ey of
improver

51
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Figure 2 Gap analysis' for indvidual attributes in hotels



" Aiso, ‘each bank individu-

customers) was shown on the matrix.

Al the rosults of the

pr such a way as to
lead s for ind strategios that
i satisfaction.

CONCLUSIONS AND RECCOMENTATIONS

“The introduction of Cyprus 10 the European Union in the nearby future wil raise the need of the Cyprus service
industr 1o competa i Europaan ones, some o tham, Which ar probably o workd clas. I oher worc, il
more entrants 1o th

s implos that Cyprus Managers noed 1o know whethor the qualtios of their servces are
Compartie with e of Eurapean Mg, To anpwer 008 il Quetio, smiibecal srves i oo
. throug . 10 gve theiropi
oach secior.

a) Hotel sector

(sl an e 10 )8 wel a2 bman e preplon and s pecopkon of e srves
points since shown the impor satis-

the customers. serios of factors sponsible for the quaity or

hotelindustry:

‘The main problem of Cyprus hotels is in human resources. There is a minimum effort n training and educating
, oy Jlabi

in ities. Thorefore, the ‘system for measuring staffs' needs, expec-

i programs. o i
tal role to inspire and guide in the necessary cultural change towards total quality. The lack of belief concerning
qual

ltte partcpation of the supplies i improvemen projects and important mistakes in recogniton of efots and
achievements of ndividuals

“The report is unique, in the senso that tis the first time such a study was conducted in the service industry of
Oxpk g bl maregurooners el s & et oardors b b 5 o who Wi
follow the same path for research or even for hotel
‘and services of their hotel.

b) Banking sector

DM sty i b it 1o/coneider it As Wes
rler, and as it is shown from the results, QFD is a requirement. Key benelits 1o this approach are

 with the help of bank
offcials. Conducting the customr salisfaction survey, these seventeen customer requirements wore evaluated.
“The top 10 factors from the survey are shown on table 4. Fifty ways of how 1o satsty the customer requirements
(HOW: These

“hows'
of iows' with each ‘what'. Il a and 1o com-

54



plete. by " since

‘The relationships were then calculated vith the importance ratings of tho customers giving some values as o
which ‘hows’ need 1o be prioritized. Also with those important ‘hows’ the great majority of ‘whals® could be
addressed. The top 10 factors prioritzed in rank order are summarised below in Table 4, and recommendations.

there are a lot of other aspects that should be look at, fike cost, time elc.

‘Table 4: The top 10 Customer Requirements from the survey and the top 10 how those  requirements can by

implemented

RANK TITLE OF WHATS TITLE OF HOWS
1 Training it
2 with customer
3 Reliabity of servico staff
4 Fair
5 ‘Accesbilty 0 the branch Sulabilly of equipment
G Handiing problems, complaints Knowiedgs of operational proceduros
7 Product knowledge Time of service
8 Use of IT (nformation Technology)
9 Privacy Product Knowledge
0 Prolessionalism of stafl Control of emations.
dthors the con-
the banks i this research report. It s up 1o the indviduals
pr 1o their ind plans. The cusiomer satstaction surveys

00, This is a team exercise with members carefully selected, as 1o be able to handle the situation effectively, efi-
ciently and economicaly.

“To conclude, the development of new systems enable one to evaluate the qually activiies of the Cyprus service
industry is thersfore coming forward as promising area for research. It is of undoubted usefulness, owing to its
absolute contribution 10 profitabilty and customer salistaction. However, management must place it well in their

a journey,
ays
ToMis i Ther forthe
. which is
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software in the world. NetU, as the SunCentre for Cyprus & Greece, puts together complete
business solutions including software, services & support.
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N ‘NetU Consultants Ltd
etU oo
" b
el

Tol:+3572 360080 Fax: +3572 361026



MODELLING OF A THERMOSYPHON SOLAR WATER HEATING
SYSTEM AND MODEL VALIDATION

Dr. Soteris Kalogirou, MPhil, PhD, Eur Ing, C.Eng, MCIBSE, MASHRAE, Instructor HTI
Christos Papamarcou, BEng, Electricity Authority of Cyprus

ABSTRACT

apert of 27 v and 1504t
TRN o

toge

o usa 10 valdal the model by usg the -cm-r westr data s nput 0 the o ! Valaton ests wers
performed for 25 n the sal values of water temperature
msc.mma-swwsmmm.

1. INTRODUCTION

Cyws oo el vonomene e vl ool on npar W ol o B anvry e T aly ol
y. Cyprus has a very sunny
o153 kWi day (on ahoizontal surace).
So&mhvrﬂnﬂu«nsnummdyﬂ'mtnow'w In fact the total number of units instafled are such
in the world in this area. These units are mosty of the
thermosyphoni type, Ths ype of soar walr heatr comit o o ar collectors having an absorber
0.4 m?, a storage 1500 180 it storago tank, al installed

‘water production, are used in winter during periods of low solar insolation.

Iy in Cyprus, there is a need to study in depth and model this type of systems. It is also required to validate the
model using simple physical experiments. In this way the model can be used to investigate the effect of design
changes and therefore mprove its performance.

Many computer software programs have been developed concerning the modeling and simulation of thermal
systems. The most popular are WATSUN, TRNSYS and TSOL. As partof this study TRNSYS 14.2 s selected as.

y coepl

Mode vaiidation studios have been conducted in order to determine the degree to which the TANSYS program
serves as a valid simulation tool for a physical system. It has been shown by analysing the resuts of these vali-
dation studies that TRNSYS program provides resuls with a mean error between the simulation results and
ool o ki el oy hon e K (Ko o o, 1981

TANSYS model by

performing a number of simple exporiments.
2. LITERATURE SURVEY
There have been extansive analyses of the performance of solar water heafers, both experimentally and analyti-

a
0 load. They represented solar radiation and ambient temperature by Fourier series, and wero able to predict a
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R

mannor that
1974 and
o 0> fikwysalinradin
ocoupies o e b sface of hcolleco . A (0 o  rmocoupes vers satd o e lrage
tank and a dye tracer mass flow meter was employed. Ong's studies appar o be the first detailod ones on a ther-
mosyphonic system.
y of Shtzer et a. (1979) ther-

i of 11095 s ks oo o s raiy chcty by Bdeg e e ek
known laboratory technique, a constant level device, 1o a solar coletor in the thermasyphon mode. The ther-
that thistech-

Ao,
| leclor efficiency as a function of tme of day.
Morrison and Braun (1985) have studied system modeling and operation characteristcs of thermosyphon solar
watar heater with vertcal or horizontal storage tank. They found that the system performance is maximised when
ne flow fow,

not perform as well as a vertical one.
Habson and Norton (1989) in their study developed a characteristc curve for an indidual directly hoated ther-

from the numerical simulaton.
Furthormore, the analysis was extended, and they produced a .mu. ok sl sccre dae et o
direct thermosyphon solar energy waer heaters.
‘Shariah and Shalabi for
o B gl Bl o s i A and Aqa trough e use of TRNSYS sim-
| o panmnxal by properly. It was aiso found that the solar fraction of a system installed in Aqaba (hot
climate) is less sensiive to some parameters than the soar raction of @ similar sysiem instaled in Amman (mid
climate).
3. DESCRIPTION OF THE SYSTEM
The syt conts o bl e ool m.mnm.amurunnmnw:mnu
taiso incor-

pﬂulu a cold water storage tank of 1000 It capacity.

the solar collector ystem.
rayed with aluzinc

paint.

a . a rubber gasket. The absarber plate

the copper surtace,
which h the absorber e
to somm
[ paralel copper pipes 15mm in dlameter tat p
the 150 tre he des)

ofth tank since s he nly prt of e syslom, whichis ety connctd ol tr pars. i copper
and i thermally The con

hactons 1 he athr parts ot systam are mads y copper pioes. n aditon,the sorage tank has an slecric

60



of kW o] the event the systom
e tabulated in Table 1.

Description ValuerType

Total aperture area 27m

Storage tank capacly 150 fives

Riser tubes material copper

Number ofriser 2

Absorber surtace painted mat black

Giass type 4mm low iron glass

Collector insuiation ioroglass 30mm sides
firoglass 50mm back

Auxiiary heater 3K electric slement

4. MODELLING OF THE SYSTEM
The proper sizing of the companents of  solarsystem is a complex problem which includos both predictabe (col

cated how all y the solar water the
aid and use of TRNSYS simulation program.

Computer modeling of th ng:
1. Eliminate the expense of building prototypes.

2. Complex systems are organised in an understandable format.

3. Provide thorough
4. Itis possible to optimise the system components.

5. Estimate the amount of energy delivery from the system.

6. Provido temperature variations o the system.

7. Estimate ior the

Simpilfied analysis methods have advantages of computational speed, low cost, rapid tumaround, which is espe-
cially important during iterative design phases, and easy of use by persons wih litte technical experience.

tion of systems that can be analysed. Thus, if the system appiication, configuration or load characteristics under
‘consideration are significantly non-standard, a detailed computer simulation may be reqired to achieve accurate
results.

‘The initial step in modelling a system Is the derivation of a structure to be used to represent the system. It wil
‘become apparent that there is no nique way of representing a given system. Since the way the system is repre-

s
resty However, b
dovel-

oo sk o rpresa  ssen, syl bodares coniat ih o o bing anhon e ot
SauEiid. T ot £ Souch . pceses, 4 ket e il s s
what tams, processes, and efects ar




4.1 Procedure Followed

Inthe

of the standard collector test, dimensions of ail components and piping, hot water torage tank size, distance
between the various components of the system and many thers.

T ol vesthn sinused i wealrr dtagaltarod l e bcatan et tharosyohon sce waler
heater under mvﬂl\glhnn is installed. These values were used in the TRNSYS program in order to predict the
systom poromance. n ardor o vaico the ol it i ey o water lamparaure e s

rise was used as s procodure
s o & mUmBH f sonseckie tape o fom g, T Uk 0 18 PRl process (pre-
dicted rosuls) wore red with the actual test rder to determine the accuracy of the

simulation program.
Thetrgarshrs f e weler e slorage e woschceen o akine the et e lobacutn e tarper
atureisa the designer

pity a0d i testing period. Also
wper
by drawing of  small quanty (sbout 1 ire) of water
42 TRNSYS Simulation Program
fora nd model. This program

s doveloped by the University of men by the members of the Solar Energy Laboratory (Kein et al., wsc)
s wetn T ANSH sanderd Frtrn
FisdibglootCipind ot S o At s e ordnary frentl
or algebraic equations.
With a program such as TRNSYS which has the capabillty of intercannecting system components in any desired
‘imanner, solving differential equations and facilitating information output, the entire problem of system simulation
teduces to a problem o dentiying althe companents that compris the partcuiar system and formulating a gen-
‘eral mathematical description of each.

Once.
‘available, i is necessary to construct an information flow diagram for the system. The purpose of the information
the . Each com-

INPUT
and produces a time dependent OUTPUTS. An information flow diagram shows the manner in which all system
components are interconnected. A given OUTPUT may be used as an INPUT to any number of other components.

inFig. 1.
From te o dagram shown i i, 18 deck e has o b consructad containng rformation o al e sysem
components, woather data fil, and the format the output is given.




St ganwa s S crpniet, W a ot oty conard s of h sy, 8t

aro utiity subroutings and oulput producing devices. The TYPE number of a component relates the.
componen 1o o suboulne, whic odets hat component.Eachcompanen s ks TYFE mumber.
The UNIT P Athough

two or more system components can have the same TYPE number, each must have a unique UNIT number.

ti5 worth noting here, that the deck file reads information provided by tho Typical Meteorological Year (TMY)
‘weather data which was generated by Pelrakis ot al. (1998) for Nicosia, Cyprus. A copy of this fl is modified by
‘employing the data of the day: the

4.3 TYPE 45: Thermosyphon Collector Storage Subsystem

“This component models the thermasyphon system. This is the major component of the present model as depicted
in Fig. 1. This models a system consisting from a fla plate solar collector, anmmmmmlmm

Flow i the op ¢ sssumed e syl ‘The system s analysed by dividing the thermosyphon loop into
to each

olled using TYPE 45,




modal is not fixed, but depends on many factors, .. the simulation time step, the size of the collector, load flow.
ates, hea losses and auliary input (Fanney and Kiein, 1983). In this model the simulation starts with a cortain
number of segments. As the hot water leaves the top of the collector and enters the storage tank from a cortain

point at the top, -. i their te »- Within 0.5 °C. If
atthe top

of the storage tank by more than 0.5°C, a new segment s created a the top, increasing the number of segments

by one. When hot water s drawn to the load, cold water

from the bottom, their temperatures are within 0. other, oth-

erwise a new segment s created.
“The system's design parameters and the input data required for the operation of TYPE 45 are outlined in Table 2
and Table 3 respectively which also lst the actual values adopted for the thermosyphon solar water heater under
investigation. It should be noted that the intercept and slope of the. tmehmy e 107 Ta)IT curve. 1p.mmm
2and3in by

Industry. e Tablo 4,
5. MODEL VALIDATION

Once the TRNSYS model of ter under investigation had
next stop would be to simulate it with actual weather data. For this reason physical experiments for a number of

TRNSYS.

simulated performance obtained with TANSYS and measured input data wil be compared with the measured
the degree to

which the tor.




Table 2. System design parameters.

Paramotar Descrption Value
A Collector area (m') 271
Fa(ain Intercept of the effciency vs (Tci-Ta)T curve 0792
FRUL Negative of the siope of the efficency vs. (Tei- TaJiT 23994

curve (ke
Glost Mass flowrate per unit collector area for test conditions (kg/hr-m') %
bo Incidence angle modifr constant ot
8 Collector slope (degreos) W0
w for LU<1 collector pressure drop calculated intermally B
NR Number of paratel collector risers 2
o Riser diameter (m) 00135
aH Header diameter (m) 0026
H Header longth (m) 19
Nx Number of collctor nodes for thermal head calcula 3
He Verticaldistance between collecor outlet and inlot () o078
Ho (m 078
di Diameter of collector inlet pipe (m) 002
u gt of collector inlet pipe (m) 193
et Number of right angle bends (or equivalent) n inlet pipe 2
u -+0) 51
d Diameter o collector outiet piping (m) 002
Lo (m) 046
ez Number of right angle bends (or equivalent) in collctor outet piping 2
o Loss of colletor outlet pipe plus insulation (KU/r-m'-"C) 51
Tank modes 1-Fixed inlot positions 2-Variable nlet posiions 1
vt “Tank volume (') 015
H “Tank height (f vertcal) or diameter (i horizontal) (m) 060
HA Height of collctor return 1 tank above bottom of tank (m) 029
o Fluid specifc heat (k/kg-“C) 419
ps Fiuid densiy at standard conditons (kg/m') 1000
™ i ©for 23
o effective thermal conductivity of fuid and walls
Tark Configur. | 1-vertcalcylinder 2-horizontal cyinder 2
uA Overall UA value for tank (KI-C) 179
i Ratio o insulation at the top and bottom of a horizontal 1
tank (=1 if tank is conceniric wit jacket)

n Initial temperature of preheat portion of tank (*C) 18
ane Maximum rate of energy input by auxilary heater (kifhr) 10800
Ha Helght of ausilary heater above bottom of tank (m) 0245
Hin of thermostat above battom of tank (m) 0245
Toot Set temperature (*C) 50
T Thermostat temperature dead band (‘C) 1
(AN Conductance of heat oss (o flue (ki-C) 0




Table 3. Input data.

nput Descrition Value

" Incident radiation (/) 166

" Horzontal racaton (kJim"r) 164

d ool e o o 165

o Incidence angie 169

P Ground roflectance 03 (constan)
™ Ambient temporaturo () 95

T Tomperature o replacement fid from load (‘C) 171

" Mass flowrate from load (kg 12

Tonv Environmental tamperaturo for losses from storage (°C) 95

Table 4. Output Information

Output Desciption

T Tomperature o hot fluid entering storage (°C)

2.Qu Useful energy from callectr (ki) (not including pipe losses)
3TR Temperature rotun to colector (°C)

4w Flowrate o collectr (kg/h)

570 Temperatur of fluid delvered to load (°C)

6.mL Flowrate to load (kg/hr)

7.Qeny Storage losses (k)

8.Qsup Eneray supplied o load (ki)

9,88 Ghange n nternal energy of sorage since start o simulation ()

5.1. Description of the Experimental Set-up.

Atypi jphon for heating system i to carry out the experiments.
y y the storage
tank.
‘measured with a thermometer T
‘accompish the above, the storage tank was modified by vns\uﬂmq Valves at it top and bottom points, and drawing
(about 1 ire)
not

1o exparimontation and o water wasdraw of from the system duig dayime,

by me: ther-
‘mosyphon solar water heating systom. This pyranometer had been compared with the Eppley group of reference
standards. The accuracy of its measurements s estimated to be +1 percont of the entire temperalure range
employed.

means. (anemorme-
o). lation, ind recorded
every ten minutes. Shitzer etal. (1979)

a5 well as Braun and Fanney (1983).



5.2. Model Validation

of 1999 for a total of 25 days. The number
each ‘16 shown i Table 5.
“This time span is more o the accuracy
of the simulation programs.
of
Year Month Number of consecutive days
1998 December 3
1999 January 4
February 3
5
April 5
May 5
Total: | 25

The weather data gathered namely; horizontal global radiation, ambient air temperature, and wind velocity, were
used to modify a copy of the TMY file, which was subsequently used with TRNSYS model in order o predict the
water was drawn offfrom the stor-

age tank,

Table 6 tabulates a sample of the recorded data. The data refer to the average hourly values of the weather condi-
tions for the 23rd of February. The actual (experimental) and predicted (modelled) inital and end of day storage
water temperatura is also shown in Table 6 for comparison. The temperature rise (AT) of the water n th storage
tank s the parameter which is used for validation of the accuracy of the TRNSYS model. An attempt was made to
have the actual inita storage os as. o avoid possible errors.

Amww of m YT RIS Vg 8 e S N O O

Table
-qmmmnwmmmmu.mmmwan«mmmm-m-ummm
‘which is quite acceptable and reasonable.

Table 6 System performance and comparison of actual and model resuts (sample).

Time | Ambient | Horizontal Direct Wind Slorage tank | Storage tank
temperature | Giobal radiation | velocity temperature | temperature
radiation (actua) (modolled)
el wim2] wim2] [ms) rcl e}
800 137 2784 674.1 1 206 211
.00 147 4437 8163 15
1000 16.1 6033 1
11.00 167 6921 8962 15
12.00 173 6733 1
1300 177 6566 9139 1
14.00 176 6122 9406 15
1500 72 791 X 1
16.00 169 2928 6744 15 497 480
Daiy temperature rise (&T): 261 269




for an in depth analysis of real systems and can assist in the efforts for improving a real system by optimising the
parameters affecting its performance.

Table 7.
Test day ‘Actual data WModelled data ‘Absolls %
dierence
Inialtank Finaltank | _Initial tank Final tank between actual
temperature temperature and
rcl ] %] %] water tomp.
fise values
Dec20 | 261 a7 272 a4 227
Dec2t 302 85 272 465 546
Dec22 | 203 448 27 425 2129
Jan 15 274 490 262 a5 139
Jnte | 285 87 277 485 278
dn17 | 245 421 29 a8 170
Jnts | 252 424 25 420 174
Feb2t 270 495 273 502 178
Feb22 | 264 542 193 92 755
Fen2s | 236 97 211 480 307
Mar12 | 256 552 22 564 203
Mar13 | 267 574 261 569 033
Marts | 244 568 21 560 154
Mari5 | 250 544 26 532 272
Mar16 | 267 565 2.1 572 107
aorio | 281 672 263 624 767
Ao 11 273 678 259 642 543
or 12 314 667 284 6.1 637
Aor1a | 301 644 275 656 997
Aorta | 296 654 281 635 11
May16 | 257 642 250 621 364
May17 [ 201 617 304 619 337
May18 [ 314 636 0.1 604 590
Mayto | 264 607 2.1 596 233
May20 | 303 674 300 654 458
WMean porcentage diference: 768




53, '

As can be seen from Table 7 in a few days the percentage difference betwoen the actual and the modelled tom-
perature difference is noar or above 10%. The reason for this deviation may be due to weather conditions, which
during Values used as input to the program may

nstable.
ot be representative of the actual input o the system.
that the follow-

1. The measuring equipment may not be as accurate as it should be or
Some of these, like the pyranometer, may need re-calibration.

2. Determining the mean storage tank temperature by measuring the temperature of the water at the top and

indicated by their manufacturers.

“thickness of inthe Lin
order the strati-

the cy -
fous heights. This is oven more dificult n the case of horizontl sorage tanks. However the horizonta stor-
it a very poor stratication which s their main disadvantage. This type of tank s used main-
Iy in an attempt to reduco the height of the whole syster.
3 it shoud be. Tris s very important as the
potoraren of e s cbockr calamine bow s s, b 0 it el o h sk
intercepted.

aperture, is

of the real insulation properties.
6. CONCLUSIONS.

experiments.

the model real system and can be 1o estimate

be used with confidence to model solar systems.
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BIOCLIMATIC DESIGN FOR THE NEW UNIVERSITY OF
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Abstract

“The design for the new University of Cyprus campus is
being ina series of six compeitions, paral-
leling the six “phases” of construction. Awards are
bolng okt bt cvern dade, wich an
also determines the

ik e, s el for e e m\w\
“This paper describes the first-prize winner in both cat-
egories for the second ions,

Presented in the ISES Solar

World Gongress 1999 Jerusalem

and 10 be published in the Proceedings
“Solar is Renewable”

it oy e saabeti, b e cone
o g o pank e o

wgssspenatyne
mmﬂmg programme, economics, symbolisms nd
sthefics.

buidings and weatment of open
spaces uiizes the natural fopography and environ-
mantl fatures. Mostof he existing lres are 0 bo
preserved fo provide wind

“The author is the consultant of the bioclimatic design.
The whole study was carried out as an integrated
Sevan, i

other
T/ s s i Exsas om0
solar immer shad-

range

of design choices and parameter ‘conscious.
Joaus on biodmado deeki. Thers was an ot 15
combine traditional wisdom, new technology, function
and comior, cost, natural and microci-
‘mate, energy saving, client programme, and aesthet-
cs. These were tailored o the partcular requiremen-
s of the buidings. Energy-efficient design is used

throughout, including careful and appropriate
‘ment of insulation in relation to interior thermal mass.
This is assisted by ‘smart-control” mechanical
systems for heating and cooling. Daylighting i inle-
gral 10 the design, with energy- ‘supporting
lighting systems. The designs also promote natural
snmer cooieg ventalon, ulheng the pravaing
summer wind direction as well as

effect ventiation.

1. INTRODUCTION

into twelve individual buidings,

conalaogof fur bk of tyeerooma, o of ber-
our rooms, one of forty-eight rooms,

o e i e e o
well as a common space. This carries on the “village”
scheme frst established in Phase |.

The bioclimatic design is consciously integrated into
the whole planning, siing and architecture of the
schome. Thera is an effort to combine traditional wis-

e vertiabon, A8

e buildings feature fixed external passive shad-

Ing devices. In addition, four of the blocks are beneath

afixed canopy shade, with slats spaced and.

allow for winter sun exposure and

toction, complementing the passive solar design Yot tho

structures. The designs also promote natural summer

cooling utiizing the prevaling summer

wind direction as well as enhancing stack-offect venti-

lation. These are assisted by rock-bed pre-cooling in

Pk ‘and rock and screen evaporative cooling
upwind from the buldings.

2. ZONING THE SITE

s portion of the Universiy design s a natural con-
inuation of the buidings. It enters
ke a wadge of movement and socal aciviles, con-
necing and nterrlating the housing units wih the
surrounding open space.

The site s diided into four z0nes, ouiside o inside,
Vhich dalin an axpross aren spll cuaiies
and functions:

‘The Green Bet (zone):
Isolating zone from the public road
Acoustic insulation
Indirect ‘boundary
Forming the natural microcimate

* Residontial Zone.




* Movement and Circulation Zones
* Zone of Open Space
“The movement of the route through this por-
tion of

design elements in the site layout. These

are routes on throe level

‘one is shaded by the first lovel route, which

s shaded by the upper. The upper level is
above.

ture of the buildings, running through a two-

road, 1o all housing units. The site
enters the buildings and the buildings 10 the
site in a simultaneous, active infervention of
the green to the building volume and vice
versa.

3.THE MICROCLIMATE

“The appropriate microciimate s formed by
thoughtlully siing the buildings and land-
scaping vm site and the open spaces. For
s..a. planni of the pro-

e o pariciaies o he bulinge,
e i imitatons and s morphology. i
the local cimatic conditions, consid:
ered. In effect, the topography and ger
Iy the beeficial aspects of the surtoundings
are ulized as integral design elements.

The pedestrian circulation forms dynamic

Dpere.. Conyen o choi v
wilh wetted rubble

ety
oen tacese, 1 wilr 1 courod
becomes a pleasant sunny place, warmed
by sun and mass.

culation and parking. I is paved and acts
ke a large 3
ool in summer. The uncovered paved sur-
faces offer pleasant stling areas to enjoy the.
warmih of the winter sun.  In the summer,
open 1o the clear cold noctumal sky, they
cool by long tion and moderate
the heat of the hot days, around them.
Within it the open space, which is defined by
a circular wall, is pleasant for both summer
‘and winter. It is partly sold toward the north-

the remain-
ing wall and columns aro built out of loose
rubble stones encased in metal mesh. This
s shown in plan view in Fig. 1.

In the summer, r water trickles
through tha stones, providing coolness 1
the adjacent areas. The stone wall and
columns are facing the wastorn cool summer
breezes so they enhance effectively the
cooling of the open and semi-open siting
space. In the winter the stonework s not

for solar collection, storago and warmih of

the space, which pleasant sunny.

courtyard.

Paving is also used as a measure against

dampness, on the ground level, al the
verandas

forming
forthe ground level units. These paved sur-
faces are shaded n the summer, wih the
balconies above. In this way, possible glare
) ovhntg s fom rekecn f
the high summer woided.

Most of the existing vegetation is retained.
‘The eucalyptus clusters are enhanced at the
northen sido with more trees for wind pro-
tection. Al the east and west, tall Cypress
troes allow the sum

their bare lower trunk, whilst they intercopt
the low morning and afternoon sun In the
summer with their compact vertical foliage.




‘Tree planting at other zones of the
ines sito boundaries and courtyards in-

between the buildings. It is used to reduce air tem-

perature and to provide shading for the parking space,

which is sunken at a lower level, o isolate i visually

and acoustically.

4. THE BUILDINGS

The natural contours o the it are used 1o ocate the
buidings in an pured configuration. They are.
stepping up from the south toward the north side, at
calculated distances, achieving unobstructod solar
‘access and wind protection from cold north winds for
both the buidings and . This is shown

‘The waer, which is used for the watting of the stones,

is collected in waterprooled metal trays and i recycled

with the aid of a pump, for water conservation. The

pumps aro activated by an aray

eis for solar energy utizat

&, i Mk Ol Lol s34 OVl

In il buildings, the shape, the mass, the orientation,
the layout and the openings byt designed to

meet the conditions o biocimalic architecture.

‘The elongated shape of the buldings, with an east-

from the south, allowing favorable solar orientation to

in Fig. 2, next page.
“The bulkdings on the West Side of the plt, dus 10 the
natural 0 raised at a higher lovel. The
spa yound and the underside of the
bulkinges e WIh oo bl ones, ncased i
v it is wetted wilh water,
o th Cooin ol o he wasey
broezes (g, 41 Oporinge In the groud oo
insulated and waterprooled siab, channel cooiness
into the rooms. The froe flow of ai towards al direc-
tions and through the gaps between the stones, under
he floor siabs, dissipales coolnoss in the surroundr
areas. 1 also avoids dampness and creation of mold.

buidings. The collecion of solar heat in the winter
reduces  mechanical heating.
N
solar radiation in winer whio in the summer they
recaivo high amounts of unwanted solar radiation.
Tie s chceert et eeswes ony
th minimal east and west exposure.

entation oast of south exposes the uits o more morn-
ng than afternoon sun and enabies them 1o begin to
heat earler in the day (Fig. 2).

The sheltered balconies and vorandas
provide pleasant, private iving spaces and an amenity

Figure 2: A model of the buildings, showi

the stepping up
‘achieve unobstructed solar access, as woll as wind prolection from the north in winter, or both the buldings and
‘courtyards.

from south toward north, at calculated distances, to




in themsel i
e hyfrmwan s gl Thuse, ih W wa ares oy usica o undsespand
fengih of the usefuiness of ouldoor ving areas, bul the healing efect il pr ol et by cvding &
warmr cimal oulide ho rooms, thorab reducing wiir hea oss. n e summer, oy e e el o
. Tis hos 0 eop th emperaur of h aicoor
ai low, making natural ventiation more suitable and minimizing conductive heal gain hrough the wall,
‘The large south glazing s the source of Solar gain in wintor when the sun path is low and its warmth welcorme.
Unobsiructed solar access s provided o al lving units ffom sunrise 10 sunsel,fiom the beginning of October fo
ic March. (This is shown in Fig. 3, on the nex! page.) The sun,in December 21, has & maximum altude of 35
degroes and azimulh of 130 degrees.

tection. The hor-
izontal overhangs provide solar protection from the high summer sun, from mid April unil the end of August, at
least from 11.00 10 3.30. The sidewalls intercept the low morning and afternoon unwanted sun for the rest of the.
times, during those months. Additional solar protection for the buildings on the East Side is provided by vertical
ol prmled s e scruene. For e g o e Woet Sit; i conrl I e by an

and
protecion i summr. Tha las become denser shove [ Iop open bakoes. Eath s of solr protckon
allow airflow through them, to avoid overheating and encourage ventilation. (This is shown in Fig

Fig..  with
student living units and common spaces, in allbuidings. Shown s the unobsiructed solar access, sunrise o
sunset, Irom the beginning of October to mid-March.

4.2 Wind Protection - Limiting Heat Losse:

“The common bathrooms and toiets on Vo ot slo—ahich s 1 windnardsids o the sirchurs-—and tho

o fatiig e ossse’ The bontrs o1 tly iened i 6 healed Soncs, Thash Uecssmmu e e
ws retard

e rate of heat oss.

74




43 Ventiaton

idors of the housing units
e prevailing summer breezes, which are mainly from the west but occasionally northwest or gyl
enter the corridors within 30 to 45 degrees of the opening direction. These are the best conditions for the prt

sion of cross ventilation, and they are favorabl for the circulation of arflow in the corridors and into the rooms.

o o 1 o o1 ot of e Soar; ks ol s sl it

ficial ventiation au‘:lqu o the direction of breezes and the desired flow of ai.
‘The overhangs above the corridors and balconies direct the cooling breezes towards the opening. Through the
top windows the air flows towards the ceiling, which is concrete and therefore has thermal storage mass, 50 that
itretains the night. In adiion, salety as well as visual privacy. The celing

room. (This is shown in Fig, 4, on the next page.)
4.4 Dayighting
“The linear layout of the building plans in a one room depth offers the potential for natural lighting from the two.
ppost i, vl o ool o ot iy somborete kb ik s g\ale (again Fig. 4)
achieve a high . 50 itis pos-
et 0ccpanta 1o el T st of 5 Gyl Aok 1t oo f sl

‘The north top window opening free of glare.
use of overhangs, side fins and the overhead over
units. Furthermore, reduction of glare is provided by the siiding, perforated screens, which reduce the brightness.
of the glazed openings on the east housing units

The the walls and ceilings, which give.
better distribution of the lighting.

g 4 B sl r, G s bk oo f e Vi i ol st
opy slats. In summer, direct sun penetration is prevented by the siat angle and spacing.

0 o of oparinge pmots sl veriaHon. ESRpSYHIG apaiog Fom he skriose e e

stones provides addiional summer comfort.



5. CONSTRUCTION
4 e kg e kit concrls b sckes il o puols o concteorn, i s ey
manufociured. Ths type of in ad offers time lag
. This is of p igr the , due to the charac-

90 -

ribution i winter and cooling in the nigh.

The wals are insulated externally with rigid extruded polystyrene and rendered with plaster on plastic mesh
painted white for sun reflection.

3 The concrete
roof slabs are topped with lightweight concrete screed forming siopes for water collection, walerproofing mem-

g mafica, rcgaiar o oo o o sk Vel et Mg

with y coaing is used for limiting the heat losses in winter and heat
gains i the summer.
6. CONCLUSION
fanned,
ments.

‘The landscaping. the amphithealrical sting of the buikings opening with large glazing to the south, and the use
of appropriate shading devices ranging from overhangs, side walls, perforated screens and suspended metal
lattice, ensure access, o in winter, ind solar protecton in
the summer.

in.

actas
climatic buffers zones, shielding the b s ol e it o B o erb sl b yepooted
they channel the cool summer bree:

gains, enhance the
bioclimatic performance of the buikings.

budgets, “The key to this, as it was

tho frst winning competia, is the approprate use of biocimatic design priiles in . holisi, 4nllnrl(9¢
approach. These first o wi ign phases (out of six) should now assure that the finished complate cam-
pus design will carry through with these principles. If it does, it will certainly be worthy of intornational architec-
tural attention.
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