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EDITORTIAL NOTE

The editorial board will publish articles and contributions which show
originality ané scientific achievements whether local or international.
The bulletin will appear, hopefully, twice a year and publish articles
about alternative energy and allied subjects. Each article is to be
properly referred and edited prior to publication. The I.C.T.P. is
the home of this bulletin and Professoer Furlan, I.C.T.P., Professor
Mancini, University of Catania, Professor Ali Sayigh, Xuwait Institute
for Scientific Research and Professor B.0O. Seraphin, University of
Arizona, are the founding editors.

The editors encourage and urge all scientists and engineers from de-
veloping countries, who participate in the ICTP activities, to submit
their contributions.
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PREFACE

With this bi-annual Bulletin the International Centre for Theoretical

Physics introduces a series of publications intended to communicate
sclar research and development in Third World countries. The papers
will be based on reports presented at the International Symposia and
Workshops on Non-Conventional Energy Sources sponsored each summer

by the Centre.

Alternately held in Trieste and in a country other than Italy, the
annual meeting unites for three/four weeks researchers from industrial

countries with their colleagues in the Third World.

Until now there has been no regular attempt to publish the reports
presented at the Workshops. In an endeavour to fulfill an existing

need, this series of Bulletins intends to give the contributions submitted

by participants from developing countries the visibility they deserve.

Energy conversion from non-conventional sources

is frequently of

greater importance to developing than to industrial countries. Many
of their principal needs - residential uses, irrigation, desalination,
agricultural applications, to name just a few - can easily be matched
toe the decentralized, low temperature character of these sources.

It will be among developing societies that the corresponding technolo-
gies will first find their testing ground and eventually prove their

economic feasibility.

Frame, scope and orientation of the reports are original and specifie
with respect to needs and resources of their home countries, A highly
visible communication may influence efforts on a global scale, since
the work was performed under boundary conditions much better matched
to the aim of the technology than research in an industrial setting.

The Bulletin has been initiated by a consensus of Third World scien-
tists during the 1981 meeting. It is hoped that their community will

give substance and viability to their initiative,

Given their lively

and competent support, the series of Bulletins could then develop into
a means of scientific communications as widely distributed as the prin-
c¢ipa)l scientific journals but bearing its own distinctive character.

The Editorial Board
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fptical solid-state physicist turned solar materials vesearcher, the
author is mest familiar with the materials aclence sspects of solar
technology, and will ccnsequently touch briefly en two aspects. W
shall first ask: Why materials research in a field that so long has
been dominated by the engineer? e shall secondly address the role
Lhat materials science can and should play in the solar efforts of
developing countries.

A. Materials Research in Solar Techrnology

s The principle issues in the utilization of solar energy are nei-
ther scientific proofs nor feasibility demonstrations on the engineer-
ing level, Sclar energy has heated and cooled residential space,
boiled water for comfort and desalination, irrigated land and dried
craps, fuelled thermal processes in industry, and, te a limited extent
generated electricity.

+ On sabbatical leave from the Optical Sciences Center, University
of Arizona, Tucson, Arizona BS721, U.S5.A. during the academic year
1982/83.
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The direction of research will continue to be dictated by economic
~onsiderations, even theugh the basic guestion of the feasibility
of solar energy conversion has besn reucived. Most problems have
more than one technologically-satisfactory sotution. A large number
of them however, were developed in the financially liberal context
of the space programmes, and are highly unsatisfactory once economic
considerations are important.

Ex:sting technologies must be re-opened at a level where they touch
on  fundamental research. Economic gains derived from large-scale
production are limited, and efforts must not be restricted simply
to produce more cheaply what is already available.

b. The remaining problems can be classified into the categories of
acceptable performance, adequate service life, and its cost low encugh
to enable widespread use.

Acceptable performance is the criterion most easily established.
It is often tied to the demand for a threshcld performance that must
be met, or the overall systems costs rise beyond economic feasibility.
To give an example, for large-scale terrestial conversion, a solar
cell with a 5% conversion efficiency could not be profitably in-
stalled, supported, interconnected and serviced, even if it would
be given away for free.

The demand for sufficient service life results from the fact that



selar systems, althcugh they reguire no fuel, are characterized by
high initial costs. Life times in the order of decades are required
to amortize this high initial cost. Of importance are durability

in the face of adverse envircumental conditions and cyclic thermal
load,

Last but not least, cost reducticn isg an essential element in the
materials research programme. Of major concern are materials cost
and availability, the development and demonstration of mass production
processes that are inexpensive and of low energy consumption.

¢. To meet the requirements for performance, life and cost, materials
sclence engages different disciplines. The selection of candidate
materials for a given function requires the knowledge of the basic
mechanisms that sclid-state physies provides. To improve and tailor
performance and durability according to demands, questions of cOompo—
sition and microstructure must be answered. The supporting disci-
plines of metallurgy, ceramics, polymers, surface science and chemical
engineering will come into play.

d. Decades of effort on the engineering level have developed solar
technolegy to the point where most applications are now clearly
materials-limited. Fortunately, the science of materials has made
large strides in the past two decades. Modern semicenductor elec—
tronics with an abundance of novel effects in man-made materials,
thin=fiim technology expanding the range of properties of materials
by systematic variations of their composition and micrestructure,
the availability of novel materials in alleys and mulii-phase systems
~ these are accomplishments of very recent origin. They are not
available in the previous phases of solar popularity such as the early
nineteen fifties. Success or failure of the present, more urgent
effort to push solar technology through to economic feasibility will
largely depend on the willingness of the materials researcher to

utilize the advances that his speciality has made during the recent
past.

B. BSolar Materials Research in Developing Countries

a, On the professional level, the emphasis attached to materials
research in the first chapter applies to developing and industrialized
countries alike. In justifying this emphasis, however, one may en-
counter the often-asked questicns: Should developing countries with
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limited resourcas, personally as well as materially, engage in re-
search at all. Aren't their basic needs such that research offers
little to fill them? Shouldn't they rather satisfy their technolo-
gicu. demands in the big "Supermarket of Technology" which is con~
tinueusly being stocked by work in the industrialized countries?

The pros and cons of this question have been widely discussed. Nobel
Laureate Professor Abdus Salam, Director of the International Centt."e
for Theoretical Physics, firmly rejects this solution. As its main
mission, the Centre, founded nearly twenty years ago, exposes every
year hundreds of young scientists from developing countries to current
research. If the "Supermarket of Technolegy" approach works at all
Salam states, it will do so only if the customers can discriminate.
He argues that the discriminating attitude and talent th?t can pro-
perly select according to individual needs comes most easily through
frequent and intimate contacts on the research level.

b. Still proceeding in the same general vein it is this authorl's
long-standing experience that research is most effectively—commu]tu—
cated among the members of the "Club” that consists of the active
contributers to a given field. The members that add to the state-—
of -the-art, even on a small scale and in a fringe area, will benefit
tremendeusly from being in touch through reports on their own work.
The inactive spectator will find himself cut off from timely communi-
cation of research that may lead to technology of significant use
to his country. It follows that even the country with severely-
limited rescurces should devcte a small porticn of them to the support
of research, although its immediate use is not always evident.

¢. In materials research, the need for active familiarity goes beyond
the capability to properly discriminate what is offered by others.
Once materials research approaches the industrial pilot-plant stage,
the transfer of results requires 'in-heuse research capability" at
the receiving end. The difficulties of transferring under lict::nse,
say, the processes of integrated-circuit technoclogy, are notcrious.
Most other developments resulting from materials research share the
difficulty of teaching technology '"by the cook book”., It takes the
insight of the active researcher to effectively handle such a Fransfer
in his field. The savings in time and cost are often many times the
expenditures devoted previously teo related research.

d. Although complex and not easily transferred to the outside,
materials research does not require expensive eguipment on the scale
of nuclear physics. Some contribution can always be made to most



aspects of solar gaterials research with an initial layocut of in be-
tween 10 and 10 US-3, most of it invested into small pieces of
general use. There iz no thresholé investment into one big machine,
unless cne wants to go into sophisticated materials characterization.

2. The promise of solar materials research for the developing country
rests with the novelty of the work, Neot counting valuable but rare
exceptions, systematic materials studies addressed to the needs of
solar technology originated during the last decade. Progress is rapid,
but not covering every aspect. The imaginative and well-informed
researcher in a developing country will find numercus ocpportunities
to make original and significant contributions. Even in areas already
well worked over, he can apply a new direction that follows from the
needs and conditions of nis society. He will often be able to develop
a simpler approach, avoiding the complexity of design and processing
that his colleagues Iin an industrialized country can afford. Local
conditions will often open new approaches. A series of papers from
a proup in Indonesia recently published in Selar Energy Materials,
makes the point: They reported a process f{or the preduction of silane
gas from by-products of rice processing, going all the way to the
Fabrication of solar-grade silicon. There was little precedent or
competition from other than rice-producing countries, and the value
of the work for their region was evident.

The series of Bulletins, composed of articles from developing coun-
tries, will give this type of valuable contributions the visibility
they deserve. Their communicaticn ko, and their acceptance by, the
scientific community will {urtiier encourage prospective auathors,

Some of them may feel that the:r capacity to contribute is limited,
and that most scientific journals shield off access by excessive de-
mar ds. iz Bulletin will help as a vehicle of communication for
work accestable not only for its guality, but mainily for its signific-
ance to the further developmen! of research in the Third World

countriss.

THE ESTIMATION OF DIFFUSE RADIATION IN YUGOSLAVIA 6

P. Kulisic
Faculty cf Electrical Engineering
Zagreb
Yugoslavia

ABSTRACT:

There are various methods feor estimating the diffuse from total radiation
but it seems that no single form of eguation is applicable to all atmo-
spheric environments and their applicability should be tested for a parti
cular region. In this paper Liu-Jordan and Page correlations between
monthly average daily diffuse and global irradiation were discussed and
their applicability for diffuse radiation estimation in Yugeoslavia was
investigated. It waa shown that they should be modified in order to
fit measured data,. Regional correlations based on long term measured
data for three Yugoslav sites were developed and specific correlaticns
valid for this climatic region was recommended.

INTRODUCTION

Calculations of annual performance for solar energy systems require
monthly average of global irradiation on a tilted collecter surface.
The only measurements for which long term records are available for quite
a number of stations are measurements of global insolatien on a hori-
zontal surface. In order to calculate irradiation on inelined (collect-
or) surface besides the global irradiaticon, one needs to knew the diffuse
irradiation on horizontal surface too. However, the diffuse radiation
ig measured at only a few stations which haa led to the development of
various methods for estimating the diffuse from global radiation.

Liu and Jordand and Pape 3 have found that the percentage of diffuse
radiation in horizontally collected monthly average daily global irra-
diation on a horizontal surface is a function of clearness index.

{(Clearness index is the ratio of the measured monthly average global
to the monthly average daily extraterrestriai irradiation on a herizontal
surface). Page's correlation is expressed in a sieple linear form while
Liu~Jordan one 1s somewhat more complicated third order parabolic funct-

ion. These empirical correlations are basod on measured data from va-
rious U,5. stations and it was hoped that t.=v are valid in wide variety
cf elimatic regiovns, However, the question has been raised 1at61¥ gbgug
dern valinity of these correls’imnms. everal ‘- erigators 0T
no 3 : equation i3 cviee 2 to 2ll cli-

a5 and e fstionds should be tested a3 wide




variety of atmospheric environments in order to find the best one or
in order to determine the specific regicnal correlation applicable in
a particular region.

The purpose of this work was to extend the study of this method to the
Yugoslav region, to examine how Liu-Jordan's and Page's correlations
fit the experimental data from the Yugoslav stations and to find specific
regional correlation for Yugoeslavia.

RESULTS AND DISCUSSIONS

A simple method for estimating the average daily radiation om tilted

collecter fu face facing towards the south has been developed by Liu
L

and Jordan . Monthly average global daily irradiation H can be ex-
pressed:
f=RnA B % 1+ cos & i - £
(1) H=RH=(1—__d)Rb+( + ) 4+ hHp(L-cosf)
H 2 fi 2

where H. is the monthly average daily diffuse irradiation, R, is the
ratio of the average beam radiation on the tilted surface to that on
a horizontal surface for each month, # is the tilt of the surface from
horizontal and § is g_:_'ound albedo. An expression fog calculation of
the direct beam factor Rb can be found in the literature .

In order to evaluate irradiation on a tllted surface one should know
monthly average daily plobal irradiation H and diffuse irradiation H_.
If data for diffuse radiation are not known they can be evaluated from
the global irradiation by using gmpir‘ical correlations such as the ones
developed by Liu-Jordan and Page .

Liu and Jordan developed emplrlcal correlation petween the diffuse ratio
H /A and the clearness indes K_ = H/H . Klein developed the following

mathematical expressicn for thaI correlation:

- - - -2 - 3
= 1,39 - 4, 5.531 K~ - 3.108 K_".
(2} Hd/H 1,38 - 4,027 KT + . T

Pagea developed correlation between monthly average global irradiation
and its diffused component in the linear form:

(3)

:ﬂlﬂ.::'

= 1.00 - 1.096K
096K,

Glebal solar radiation is measured on 18 meteorological stations in Yugo-
slavia and for another 100 locations it could be calculated from the
data of sunshine recorders. However, lcong term diffuse radiation data
are available only at three stations (Bar, Beograd and Zagreb), Trying
to estimate diffuse irradiation at other locations, for which there is
no measured data, we tried to use Liu-~Jordan correlation but noticed
that the values for diffuse irradiations obtained by equation (2) are
too low, so we decided to investigate its applicability for this climatic
region.
. . = . 59,10,11 | .

If the diffuse ratio H_/H for the Yugoslav sites is compared with
that for the U.3. sites at the same latitude (Fig. 1)}, one can notice
that in Yugoslav climate region the percentage of diffuse radiation is
higher: it is about 30-60%, while in the region for which the Liu-Jordan
formula was developed, it is about 20-40%.

The fraction of diffuse radiation H /]-i as a function of the clearness
index K_ is plotted on Fig. 2, for three Yugoslav sites and then compared
to the TLiu-Jor'dan and Page correlation. It can be noticed that Liu-
Jordan correlation does not correspond closely with the measured data
and that it cannot be used for diffuse data calculation in this region
while Page correlation would give better results. However, both corre-
lations should be modified in order to fit the measured data.

Least-square technique was used to fit the experimental data and the
following fits were obtained:

H - -2

(2a) —d . = 1.80 - 4,17 KT + 5.29 KT - 2.86 KTa
H

and
]

(3a) d

= 1.05- 1.125
T
H

Solar water heating simulation study using developed correlation {2a)

was carried out for Zagreb and it gave results c¢closest to those obtained
by using measured horizon}‘,al diffused data. Modified Page correlation
(3a) comes next in accuracy, then follows equation (3} while original
Liu-Jordan correlation (2) gives the higheat fraction and is not suitable
for this region.

This study showed that for the three stations examined, equation (3a)
gives the best results and it is recommended to use it in order to esti-
mate diffused radiation in Yugoslavia.



CONCLUSION:

Hecause the percentage of diffused radiation in gloval in the togion
where Yugoslavia i1s situated 1s somewhat higher than in the part of the
world for which empirizal correlaticns for diffused radiation were deve-
leped, Liu-Jordan and similar correlations cannot be used without wodi—
ficatiom. The regional cerrelation evaluatsed in ti 5 work can be used
te calculate aiffused irradiation for each place n Yupgosiavia where
gicbal irradiatinon is known and therefor

it could v~ useful in dezipn

procedure  for snlar energy syatems. Trig developea correlations could

aise be useful in sclar redia tmvestigation in other countries in
8

This geographical regicn.

]
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AN ANALYSIS OF SOLAR RADTATION
EXPERIENCED IN ZONGULDAK 12

Prof. Suavi Eyice
Yildiz University, Mechanical Engineering Faculty
Istanbul, Turkey

fr. Hasan Kulunk
Yildiz University, Kocaeli Engineering Faculty
Izmit, Turkey

ABSTRACT:

The precise evaluaticn of the daily duration of sunshine supported with the
daily insolation for a certain location is accepted as a threshold for
further development in sclar energy applications. These may include,
solar: heating, cooling, agricultural irrigation, distillation and
generation of electricity via thermal conversions, photovoltaics and

ponds .

From this point of view, the measurements on the daily duration of sunshine
and insolation have been carried out for the City of Zonguldak with
latitude of 41°27'N. The main reason in the selection of Zonguldak for
this study was just due to the fact that the Academy which we belong to

was situated in this City. However, the methed and the techniques which
are employed here can be applied adequately to any other location provided

that its latitude, duration of sunshine and insolation datum are knowm.

In the present work, Campbell-Stokes type of recorder is used in the
measurement of the yearly distribution of the daily duration of sunshine
and bimetallic actinograph of Fuess Berlin Steglitz type in the daily

radiation.

The datum obtained for the daily duration of sunshine and insolation are

compared with the predictions of the following equaticns:

w, = (2/15) are cos {(-tan@.tan$) eeaa (1)



Qpp = Q¢ (2w1/15).5in@.sins+ (24/9) . cosp.cos§.sinw)) ... (D)

and the declinaticn angle is calculated from the relation given below:

§ = 23,45 tsin (360(284+n)/365) ) E)

Results are offered on Fig. 1 and Fig. 2. Fig. 1 reveals that of the
comparison between the theoretical and experimental values of the daily

duration of sunshine and Fig.2 that of the daily insolation.

Both figures predict similar behaviour for the yearly distribution
considered. The gap between the theoretical and experimental curves

can be attributed to the effects of the climatic conditions. The ratio
of the average daily duration of sunshine and the ratio of the average
daily insolation for Zonguldak, in 1978, are found to be 46 and 36 per
cent respectively. Hence it is concluded that the solar energy
experienced at Zonguldak was beleow the average. Since Turkey is
situated between the latitudes of 36-42°N, this implies that these two
ratios represent the lower limits for Turkey, beczuse the intensity of
solar radiation is expected to increase by a factor of nearly 1.5 in the

south as compared with the north.

It [s concluded that both instruments which are employed here in Turkey,
like in many cother countries,possess a few drawbacks (i.e. humidity ard
temperature dependency, etc.) which severely affect the reliability and

the sensitivity of these devices.

On the other hand, various wersis oz of the insolatioun maps of Turksy

which are published iun the liti.cuture (two ol these maps 2re presented

on Fig.3 ane Fig.4) are presumahly partiy orizinaced from the ae of
these old fashiened and insensitive inscruments, The veplzvement of
these instruments by contemporary sounterparts is urgent!y reguired,
tnoorvder te succewd o rhe prosgpecrive golar cnergy projeccy aooe more
study combined with reliable {nsetarion datiun coveriny the whole country

is needed. This has not been managed vet
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NOMENCLATURE :

"y : daily duration of sunshine C(hour).

L : daily duration of sunshine ( °9.

[¢] ¢ latitude angle ( %,

S : declination angle ( ° ).

n ; day of the year (n = 1 implies January 1)}.
Q0 t sclar constant (=116,4 cal/cmz.h).

QTT : daily solar inselation (cal/cmz.day).

FIGURE LEGENDS:

Figure 1 : Comparison between the theoretical and experimental

values of the daily duration of sunshine, Zonguldak 1978 (1).

Figure 2 : Comparison between the theoretical and experimental values

of the daily solar insolation, Zonguldak 1978 (1}.

Figure 3 : A map of distribution of the duration of sunshine over

Turkey (in arbitrary units) (2).

Figure 4 : Annual mean of daily total solar insolation incident on a
horizontal surface for various stations in Turke=

(langleys/day), (3.
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A METHOD OF ESTIMATTON OF TOTAL
SULAR RADIATION FOR SRI LANKA v

T.D.M.A. Samuel and R. Srikanthan
Faculty of Engineering,
liniversity of Peradeniva,
S Lanka.

INTRODUCTION:

For the proper plouning of the utilisation af Selar Energy .n Sri Lanka
it is wnecessary to know the total radiation falling cn any part of -he
country at any time. The Meteorological Department tas rlimatolcgical
data on parameters like relitive huwidity, waximem, minimum temperature,

rainfall, suashine hours, e¢tc. from many of its staticss for several

years, but only one station inm Culombo the capital, has seazured values
of rotal radiation. Over the last few years, the Agricuiturc Department
has set up its own mwteorological stations which take radiarion
measurements, but these have been for relatively short periods from few
stations. This shortage of data warrants a search for tntal radiation

estimation metheds for Sti Lanka.

Many of the available tovel radiation estimation formular are examined
empirically, and a procedure is suggested for the estimation of total

radiation for Sri Lanka. It is found that the formula Jue to Angstrom
(1) subsequently modified by Page (3) is best suited for Sri Lanka with
the constants in the formula to he determined by a modificaticn of the

method due to Fre're at al (2).
SRI LANKA:

It is an island which lies between 5°55' and 9750' North Latirude in the
Indian Ocean. The longest diameter is from Merth to South and is about
434km and its area is 65,630km2. The island consists of a central mass
of mountains surrounded by broad coastal plains. 1In the north, the

coastal plain is almost flat; elsewhere its surface is somewhat irregular.

18

Fig. 1 is a map giving the topograpby of the country.

Fig. 2 and Fig. 2} give the lsotherm for the annual average temperature

and the annual maximum temperature respectively. The central hills have
[a] -

the lowest average temperature arcund 15 C. The highest average

o . :
temperatures around 28 C cccur in the coastal regions.

Fig.4 gives the ischyets of annual average rainfali in mm. The figure
shows that the island as a whole has a high rainfall, the highest being
concentrated im the south-western lowlands and the edges of the hill
country, on each side of which it steadily decreases. The rains are
assoclated with two monsoons, the North-East and the South-West. The
icland has vo well-defined seasoms, but the Merth—East and South-West

monsoons which bring the rains interrupt the normal equatorial conditions.

The air is nearly always moist throughout the country because of its size
and the surrounding sez. The annual mean relative bumidicty is 77% with a
standard deviation of 2.5. Great accumulation of clouds occur in the
middle part of the day, rains during the mensoons are frequent in the late

afterncon, and the nights are unccmmonly clear.
DATA:

¥or the purpose of comparing the different solar radiaticn estimation
formulae, we have used data only from the meteorological stations of the
Agriculture Department. Satisfactory climatological data including sotar
radiation measurements are available from cnly four stations for about
four to eight years. Data from only these stations {test stations),
Alutharama, Batalagoda, Mahailluppallama and Peradeniya, are used to

compare the radiation estimation feormulae.
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COMPARISON OF THE DIFFERENT SOLAR
RADIATIQON ESTIMATIQON FORMULAE:

We consider the following Formulae:

Pormula 1: H = Ho (a +b 8/2).
a, b are constants, Ho the average monthly radiation at the top of the
atmosphere, 7 the length of the day calculated from

Z = (2/15) cos_l(— tan @ r.a.nS)

where S is the declination and @ the latitude of the place. This formula

was first introduced by Angstrom (1) and subsequently modified by Page (3).

Formula 2.1: H=(aA+B logn) §.
Foxrmula 2.,2: H = (A" + B' logn) Z.

These were suggested by Sabbagh et al (4), n takes the values 1,2,3,4,5,

6,6,4,3,2,1 for the months January to December, A, B, A’, B' are constants.

Swartman & Ogunlade (7) used the formlae:
5 = 490 D0.357 R—0.262’

H = 460 exp (0.607 (D-R) ).
H = 464 + 265 D - 248 R,

where

2 -1

D= 5/12 and H is in cal em = d *,

4

These we have written in the general form:

Formila 3.1: H=a D% Ra2,

Formula 3.2: H= bO exp (bl D + b2 R},

F, .30 =

ormula 3.3 H co+c1D+c2 Ry,
where .

a5, 2, bo, bl, bz, € €1+ ©, are constants to be determined,

In these formulae H is in M J m_2 d_l.
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The two formulae due to Sabbagh et al (5) are:

\7) 1
H=1.53KexpE¢(D-ll‘aa-—T )3
max
1
R 1

H&I.SBKEXpsﬁ(D"’m‘_ T—-)g,
max

where @ is the latitude in radians, K the latitude factor in g cal

cm_2 d-l and D' = §/Z. The second formula, with values of K as obtained
by Sayigh (6), was used to estimate solar radiation for the four test
stations. The e'stimatians were considerably higher than those recorded
in these stations. Therefore the following general forms of the second

formula are considered:

R/s Tov

. = ' - .4a

Formula 4.1: H CKEexpG’ (D ("-'—"100) T ))_
\ max

F la 4.2: H=CK cm(n'—(—l{s)-T“)

Ormuia 4.z: 1% B¥P Yy 100 ij.

c, Cl’ C2 are constants,

The conmstants in all the formulae 1, 2.1, 2.2, 3.1, 3.2, 3.3, are
determined using the Least-Squares Approximation method with monthly mean
values of the solar radiation and the other climatological data from the
four test stations. The error § given by

H, - H

£ = (_E_.E.__.B_) x 100,
R

where HE and HR are respectively the estimated and recorded values of the
monthly mean solar radiation, are computed for all the formulae as
applied to each test station for all the twelve months. Table 1 gives
the range of the errors. It is seen that with the same values of a, b
for all the months, Formula 1 estimates solar radiation satigfactorily.
Table 2 give the a and b values for the test stations. Thug it appears
to be possible to include the influence of the maximum temperature and
relative humidity in the solar radiation estimation into the constants

of the Angstrom-Page forwmla. This conforms with the ohservaticns we



have made of the relative humidity and maximum temperature of the country.
These remain almost constant in all parts of the island throughout the

year.

THE ANGSTROM - PAGE FORMULA:

If this formula is te be used to estimate the solar radiation in all
parts of the country, the constants a, b shcould be knewn for all stations
having monthly mean sunshine hour records but having no radistion
measurements. As we have noted earlier, the Meteorological Nepartment
has long periods of sunshine records from different parts of the island.
Therefore to determine a and b we follew a method due to Fre're et al (2}
They have two curves as shown in Fig. 5 relating a and b to the average
annual walues of (5/2), but the four sets of wvalues of {(a,b} computed for
the four test stations do not fall on Fre're's curves. Moreover, (a+h)
for Fre're's curves are higher than the average values obtained for (a+b)
from the test stationg. Since {(ath) = t™ where t is the transmission
coefficient and m the air mass, 1t is reasonable to expect 2z small value
for (a+h) because of the high relative humidity and heavy cloud cover.
Therefore, we modify Fre're's curves in such a way that the four sets of
values of a2 & b fazll on the modified curves and also (a+b) = 0,60, the
value obtained from the test starions. With these modified curves, a, b
is determined for all the stations laving sunshine hour records, When
this is known, solar radiatien can Le estimated and with these estimates

the annual and the meonthly isoradiation maps can be drawn.

DISCUSSION AND CONCLUSTONS:

The annual isoradiation map in Fig. b shows the existence of three

distinct regions:

(i) a low radiation region around Nuwara Eliya (BOSS'N & BOO&G'E).

(ii) another low radiation region around Matale (7°27'N & 80739'E).

(iii) the cther regions of the country other than (i) and (ii) having
a fairly constant radiation of 15 to 17 MJ m_z d_l.
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The maps corresponding to each of rhe other months can be consgidered as
a variation of the annual isoradiation map, for the equatorial condition
expected in the island is interrupted by the two monscons, and the
variations in the monthly iscradiation maps ave as a result of the rains
associated with the monscons. For instance, as shown in Figs. 7 and §
giving the monthly mean daily radiation for the months of May and Novewber,
there is a tendency to produce high radiation regions. In May, the raiuns
are associated with the South-West mensoon, and in November they are
associated with North-East monscon. JThese are the months with the heaviest
rainfall. This observation coufirms a relation ome can expect between

the intensity of radiation and the monsoon rains.

We conclude, therefore, that the following is a reascnable procedure te

estimate total radiation for Sri Lanka with the present available data:

(i) modify Fre're curves using the values of a and b from the four
test starions and the fact that a + b = ¢.60. It is not possible
to compare these a and b values with those obtained in
neighbouring countries because of the peculiar climatic
conditions over Sri Lanka.

(ii) compute annual average (58/Z) for each station having menthly
mean sunshine hour data.

(iii} using the annual average {S/Z) derermine a and b for each
station from the modified Fre're curves.

(iv} use these values of a and b to estimate monthly mean and

annual daily total radiation from Angstrom - Page formula.
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TABLE 1
The range of errors in the estimation using all the formulae
Formula Alutharama Batalagoda Mahailluppallama{ Peradeniva
1 -7, & -7, 11) (-6, N (-16, 12)
2.1 (-7, 15} (- 6, 23) (-11, 22) (-14, 14)
2.2} (-15, 17 (~14, 18) (-14, 15) (-12, 12)
3.1 (-9, 7) (-11, 12) {-10, 11} (=25, 4&44)
3.2. (-10, 8) (=11, 12} {(~11, 12) (-25, 44)
3.3 (-8, 7 (-9, 14 (~10, 11) (=24, 48)
4.1 (=18, 35) (~23, 18) (-29, 22) (- 8, 93)
4.2 (-20, 43) (=23, 20) (-29, 23) (-9, 92)
TABLE 2
Computed values of a and b for Aﬁﬁt-tom — Page Formula.
. Latitude Period of Number of
Statiens o 'N observation| monthas of a b
observation
Alutharama 724 1976 - 79 38 Q.224 0.350
Batalagoda 7 33 1972 - 79 T4 0.339 0,293
Mahailluppallama 8 o7 1972 - 17 50 0.247 0.314
Peradeniva 7 16 1972 - 79 74 0,198 0.377
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A METHOD FOR CALCULATING INTERH. - TEMPRRATURES
TOR PASSIVE SOLAR BUILDINGS 1IN Al .ondn 500 VTN 3

Martin Evans

Alejandro Ceppl*

* Rawson 2643, 1640 Martincz (8, Isidro)
Prov. de Buesnos Alres, Arpgenting

A wethod has been deve'opsd for caiculacing riw approxinate internai

temperature, with an average 1y value, and rhe maximum temperature

var.ation above and below this Tevel., Tio Admittance Me:lod developed

by the Bullding Researcl P.tab et . Frglioad, has bSeea nsed as oa baze,

but to simplify the application, a series ~f graphs have heon proparec so

that the designer can understand the reiarionship betwesn che w2

lex
more easily. & new methoo of caleulating the solar rediocion intensizy
has been added so that the designec can readliy evaiuare vha impoct of
design de-isions relared to the orientatiow of glazed opeuni asnd
collectors, and the proportien of space between buildings = the intarval
vonditions. In the explanation of che merhod that follows. each figure

has been repeated twicet in the secend Flgure a worked exe ple is shown
to facilitate the understanding of each graph. Fash is interrelzated to

obtain the final result,

STRCDUCIION:

Many of the existing menhods for avalysing the theemal performance of

buildiugs with passive solar systems hove a serics i disadvantages which
limit their use in Argentina, and other developiag countvices. TFor
example, the methods of LASL (1) and the 'f£' chart mechod {2) assume
auxiliary heating with thermostats te maintain a miniwum temperature,

and the result is often expressed as the saving of conventionua! energy
ohtained by the use of solar systéms. These and other methods assume an
ideal orientation towards the equator, without any obstructliuns in front
of the collector or direct gain window. The calculations are often

complex and some depend on the availability of computers.

w

The proportion of conventiounal energy saved, the solarlfraction, is a
useful guide in the United States wirh a tradition of wall heated
buildings, where solar heating must be 'competitive' and provide internal
conditions equivalent to or better than systems using conventional energy,
bur in a developing country, the improvement in the standard of comfort

may be as important as the saving io fuel (3.

The method explained in this paper has been simplified frum the methed
gutlined in the research report presented to SFCYT (The Secretary obf State
for Science and Technology) Buenes Aives, who provided o subsidy for this
research project, The research was iniviated :n the Institvre of

Planning of the Facuity of Architecture and Trban Design, University of
Belgraue <uring 1980, The research was conpletred independently by the

anthors during 1981,

SULAR RADTATIUN AVAILABLE:

Figure | shows the maximum solar radiation available on a horizental
garface, sssuming wo atmospheric aBsorptiom, according to the month and
the laritude. In this and Eollowing figures, the month refers to the
fifteenth of the month snd the lstitude rangas from 20%5 ro 5675 to
cover the continental land area of Argentina and all other parts of the
southern Femisphere where passive solar heating is feasible. The
vadiation intensity in figure 1 is expressed as an average daily flow
in Wai.s per square metre, based on a graph developed by Duffie and

Beckman, with vajaes recaleulated for this study {(4).

Figure ? shows the actual average intensity of solar radiacien received

on a horizontal surface. The figure shows the daily values of radiation
intensity arranged in ascending order for the month of July (winter in the
southern hemisphere) for a location in central Atrgentina. From this
graph, it is pessible to select 'design values' representative of days
with low and high radiaticn intensity values. The third day from each

extreme of the graph provides such a value, aveiding extremes and values
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which may include recording errors. In the example shows, the minimum
value is 30 Watts/mz, while the maximum is 150 Watts/mz. Figure 1 shows
that the maximum intensity for the same tatitude (32°%) is approximately
220 W/m » 80 that the design values vary between 13.6% (minimum) and

68.2%7 (maximum) of the theoretical maximum value.

Figure 3 shows the probable proportion of direct radiation, diffuse
radiation from a clear sky, and diffuse radiation from an overcast sky,
according to the percentage of the theoretical maximum radiation which is
actvally received on a horizontal surface. Using the percentages from
the example above, a day with minimum radiation intensity (13.6%) will
experience diffuse radiation from an overcast sky, while a day with
maximum radiation intensity will experience mainly direct radiation with

a smaller proportion of diffuse radiation, mainly from a clear sky.

Using these figures, it is possible to estimate the value of radiation
intensity according to the type of radiation (diffuse or direct) for

'design days' for the critical months in each location.

DIRECT RADIATION TRANSMITTED THROUGH
A VERTICAL GLAZED OPENING:

The large majority of pasdsive solar applications use vertical glazing,

The radiaticn teceived on a unit area of horizontal surface must therefore
be modified to find the radiation passing through a vertical glazed
opening. In the examples that follow, single glazing is assumed and a

correction should be applied if double glazing is used.

Figure 4 shows the factor by which the average direct radiation intensity
should be multiplied to find the average direct radiation intensity which
passes through a vertical glazed opening orientated towards the equator
(due north in the southern hemisphere) without obstructions facing the
opening. 1In winter this is optimum orientation, assuming tbat the
radiation distriburien is symmtricel about solar noon. This figure has

a gimilar form to the Boes Relation (5) based on actual measurements aof
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direct and diffuse radiation combined. Since there is no readily
available data giving direct radiation intensity on verticai and
horizontal surfaces, f@gure 4 has been based on theoretical values
using a programmable caleulator to calculate average daily values.
A simplified relationship between the angle of incidence and the

transmission of single glazing was developed to speed the calculationm.

The assumption that all solar buildings are orientated due north (or
due south in the northern hemisphere) and that there are no obstructicns
facing the glazed cpening, is not always valid. To permit the
calculation of average daily direct intensities, a further graph haa
been developed. This graph, figure 5, shows the factor by which the
optimum orientation value must be multiplied to allow for variations
in orientation to the east or west of nerth, and for different heights
of buildings facing the glazed opening. To simplify the calculation
only one case has been considered, that of a continuous building
parallel to the plane of the opening, The height of the building is
indicated as the vertical angle formed between the horizontal and a
line from the opening to the extreme edge of the building in fromt

(in a plane perpendicular to plane of the glass).

In the example given earlier, the average daily radiation intensity was
150 Wacts/m on a horizontal surface. Using figure 3, the direct
component is found to be (av) 40% of the theoretical maximum or 88
Watts/m2 (220 % 0.4). This value is not absclutely correct. Many
values have been replaced for an approximate one to simplify the
example. The correct figures should be used for am accurate result,
Figure 4 shows that the average daily direct radiation intensity passing
through a north facing glazed opening, is 1.07 (or 107%) of the
intensity on a horizontal surface. This slight increase is due to the
favourable angle of incidence resulting from the lower angle winter sun.
In latitudes further from the equator, the proportion is even more
favourable, but it should be remembered that the intensity of direct

radiation on a horizontal surface is much lower for higher latitudes
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in winter. In the example the average daily intensity of direct
radiation passing through a north facing glazed opening is %4 watts/m
(88 x 1.07).

1f the copening is orientated 259 o the west of north, with a building
subtending a vertical angle of 20° facing the opening, figure 5 shows the
reduction in direct radiation intensity that would result. The percentage

indicated is 707 giving a direct component of 66 watts/m (94 x 0.7).

Figure 5 also shows the hour of maximum radiation intenmsity according to
the crientation of the opening and the height of a building facing the
opening. This information is required later in the calculatiom. The
thinner series of curved lines show the hour of maximum radiation
intensity when the orientation of the opening is to the east of morth,
The corresponding hour fer the orientations to the west of narth can be
easily calculated as the equivalent difference in hours after noon solar

time, 1300 hours (west) corresponds with 9.00 hours (éast).

DIFFUSE RADIATION TRANSMITTED THROUGH
A VERTICAL GLAZED OPENING:

The intensity of diffuse radiation passing through a window or received
by a vertical collector must be calculated and added to the direct
intensity to find the total average daily solar gain, The direct
radiation is highly directiomal and figure 5 shows that small changes in
orientaticn and in the height of buildings facing the opening can result
in significant changes in the radiation received during a day. The
diffuse radiation is more evenly distributed, and for the applicatien of
this method the orientation of the vertical glazed opening can be ignored
in the calculation of the average daily diffuse radiation gain. This will
lead to an overestimate of the diffuse gain for south facing windows

(in the southern hemisphere). However, the vertical distribution of
diffuse radiation can be taken into account to find the proporticn that
is wbrtriered by a building facing the opening, according te the

anpular height.

3d
The vertical distribution of diffuse radiation depends on the atmospheric
conditions. 1In this study, two cpposing situations are considered; a
clear sky and an overcast sky. Tn the case of clear sky conditions, the
altitude of the sun should also be taken into account. Figure 6 shows
the average daily altitude of the sun, according to the month and the
latitude. It shows that the average altitude for latitude 32°3 in the

month of July is 23°.

The diffuse component of the average daily solar intensity on a

horizontal surface was found to be 30 watts/m2 for the minimum design
condition and 62 watts/m2 for the maximum design condition (150 — 88 = 62),
Tn the former case the diffuse radiation comes from an overcast sky,

while in the latter it is predominantly from a clear sky. Teo simplify

the calculation, it is often possible to assume di ffuse radiation coming
entirely from a clear or an overcast sky, since the vertieal

distribution does not vary greatly.

Figure 7 shows the diffuse radiation transmitted through a vertical
glazed opening, as a proportion of the diffuse radiaticon om a horizontal
surface. This proportion can be assumed to be independent of the
orientation of the opening and can be applied to the average daily values
or maximum diffuse intensities. The different curves show the

proportion of diffuse radiation tramsmitted, according to tho angular
altitude of the building facing the opening and the conditions of diffuse
radiation. The lower solid line shows the proportion of diffuse
cadiation from an overcast sky (received on a horizontal surface) that

is transmitted through a unit area of vertical glazing. If the building
facing the opening has an angular altitude of 200, then 16.5% of the
Jiffuse radiation from an cvercast sky will be transmitted. 'The average
daily solar gain for the minimum design conditions is, therefore,

5 watts/m2 (30 x ©.165).

The dotted lines on the same figure show the proporticn of diffuse

radiation intensity under clear sky conditions, with different average
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solar altitude: Oo, 20° and 60°, TFor altitudes between these values, the
proportion can be found by interpolation. For a solar altitude of
approximately 20° and angular building height of 20°, the figure
indicates a proporticn of 18%Z., The transmitted diffuse intensity is,
therefore, 11 watts/m2 (62 x .18).

It should be noted that a large proportion of the diffuse component of
solar radiation is received from those portions of the sky with an
angular altitude less than 20°. This is particularly marked for diffuse
radiation from a clear sky with a low angle sun. Under these conditioms,

the direct radiation will also be received from a low angular altitude.

The curve was calculated using data of the distribution of illumination
over the sky (6), and the distribution of diffuse radiation has been
assumed to be equal to the distribution of diffuse illuminationm,

originally intended for daylighting calculations.

TOTAL RATE OF HEAT GAIN:

The totral rate of heat gain is the total heat received divided by the
time during which the heat is received in the room or dwelling under
consideration, and is expressed in Watts. The solar gain is the sum of
the average daily diffuse and direct solar heat gain, multiplied by the
effective glazed area of the cpening., The effective area of glazing is
the area of the opening less the area of the frame, glazing bars and
other obstructions which reduce the area of glass exposed to solar

- radiation,

If the effective glazed area is Amz, the total solar gain in the example
given will be 20 w/m2 for the minimum radiation conditions (5 x 4), and
308 w/mz (4 x (11 + 66)) for the maximum radiation conditions. Using
this method the reduction in the radiation received due to the building
facing the opening (height 200) is found to be 36% in the case of

maximum radiation conditions with direct radiation and clear skies.
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This section of the method provides a guide to the evaluation of the

spaces between buildings in relation to the solar radiation received.

The incidental internal heat gains must be added to the solar gains to
find the total gain. These internal gains include the metabolic heat
produced by the occupants, and the heat produced by installations such
as lighting, electrical equipment, ovens, auxiliary heating, ete. These
internal heat gains should be expressed as the daily average (24 hours)
gain; the total heat produced or received in the space during a day in
joules, divided by 86,400 (seconds per day), or alternatively the

wejghted average gain in watts.

If the room is used by 2 adults for 12 hours per day and electric
lighting (200 watts} is used 3 hours per day, the average daily gain
would be:~

Inhabitants 2 x 100 x 12 + 24 = 100
Incidental gains 200 x 3 <+ 24 = 25
308 (max) 20 (mim)

Solar gains

Total Watts 433 145

THE RATE QOF HEAT LOSS:

The rate of heat loss of the room or dwelling should next be

calculated according to the thermal properties of the extermal

envelope of the building and the ventilation rate, per unit difference
between the internal and external air temperature. This calculation is
explained in all the basic texts on thermal design, so only a brief

summary is given here (7, 8, 9).

The 'U' value or air to air tramsmittance of each exterior surface of
the room or dwelling should be calculated and multiplied by the
correspending surface area. The windows which act as solar collectors

should be included as these surfaces can lose heat by conduction and
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convection at the same fime as they gain heac | o vtion.  VTE o curiains
or night insulation is used a time weighted average of the day and night
"U' values should be used. The total of the products thus obtalied

.

indicate the rate of heat loss from the space per uni® difffrence iu

tenperature bheltween the interiov and the exterier

The rate of heat loss due to ventilation must now be aclad. [P thoe

vantilation rate per hour or less, then the -z:0¢ of
ventilation heat leoss 1s Found as the prodest of the air changesz per
nour, the volume of ftie spare ond & constant .33, which relatv s to the

. thermal capacity o1 the air.

If the number of aix chanpes cxceeds 2 per o, the meap ventidation heat
tronsfer rate is given by tha Joilowing formuola:

|

o o __ Y 821D
¢ (LACHLV.L0.3D) 35 )

At high wventilation rates, the rate of heat tramsferrod from the ifutewnal
surface of the walls and ceiling must be added (o the heat trap-fer -due

to the thermal capazity of the air.

THE AVERAGE INTERNAL TEMPERATURE:

s

The rate of heat gain divided by the vate ol houat loss per uno o
difference in temperature between the Inturi.r and tie eXterior. resules
in the average temperature difference rthat is maictained between the
interior and the exteriovr. Lf the irate of heat loss is 50 walts/oC, and
the total gain is 433 watts, then the temperature difference rthat can be
maintained is 8.7°C (433 + 50). This difference must be added fa the
external design temperature to obtain the average internal temperarore

for maximum radiation conditions.
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To simplify the calculation a nomogram has been prepared, figure 8. The
upper left-hand section 'A' is used to multiply the average daily
radiation intensity (sh?wn on the vertical scale) by the effective area
of glazing {the diagomal lines) to find the totai solar gain on the lower
horizontal scale, Tor exampie, if the total sol.r gain per square metre
is 77 watts and the effective surface area is sz, then the gain should
be found on the vertical scale, and followed horizontally across to the
diagonal line corresponding to the area. The total solar gain is then

found vertically below the intersection an the horizontal scale.

The incidental gains should now be added tu the sclar gains and the
corresponding point found on the herizoncual scale on the lower left-
hand scction 'BY.  The rate of heat loss per unit difference in
tenerature should be calculated and the corresponding diagonal found,
if necessary interpolating between the lines shown. The remperature
iiffevence that can be maintained is Found on the vertical scale,

horizentally across from the point of intersection between the vertical

line «i the total gain and the diagonal of rate «f heat loss.

The final section of the nemogram 'C’ in the lower right-hand corner
siows the average internal temperaturc, The average extermal temperature
-5 indicated on the horizontal scale, while the temperature difference
itas already been found on rthe vertical scale. The diaponal scale
corresponding with the intersection of the two scales indicates the

dverage internal temperature.

THE MAXIMUM RADIATION INTENSITY
OM A HORLZONTAL SURFACE:

The maximum solar gain must be calculated in order to find the internal
temperature variation. A NoWogram has been prepared to convert the
average daily radiation intensities to maximum intensities. The lower
half of the figure indicates the length of the day in hours according to

the month and the latitude. Vertically above, and using the same scale
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is a graph for finding the hourly intensity as a proportion of the daily
average intensity. The upper half of the figure is bused ou uiu and
Jordan's relationship (10).

Figure 5 shows the time of maximum direct radiation intensity on a
vertical surface according to the orientaticun., This will coincide with
the time of the maximum glebal radiation intensity om the same surfac:.
For an orientation 25° to the east of north and a building fa.:ng the
glazed opening with an angular altitude of 20° (latitude 32°S in July),

the maximum direct radiation intensity in that surface will occeur at 18

o'clock solar time,

Figure 9 shows that for the same latitude and month, the length of the day
is slightly less than 10 hours. The upper half of the fipere indicates
that for a day of 10 hours at 10 o'clock {twa hours before solar noon,
interpolating between 9.30 and 10.20), the direct and diffuse maximum
radiation on a horizontal surface is 3.12 times the average radiation,
while the maximum diffuse radiation is 3 times the average diffuse

radiation.

Using the value of 150 watts/m2 calculated earlier as the average daily
intensity of global (direFt and diffuse) radiation on a horizontal surface,
the maximum intensity is found to be 468 watts/m2 (150 % 3.12). “he
diffuse ccmponent of the average intensity was earlier calculated to be

62 watts/m2 on a horizontal surface, so the maximum diffuse intensity on

a horizontal surface is therefore 186 waLts/m2 (62 x 3). The direct
component is therefore 282 wattsfm2 {468 - 186). These radiation
intensities on a horizontal surface must be modified to find the maximum

radiaticn transmitted through a vertical glazed opening,

MAXTMUM DIRECT RADIATION INTENSITY
PASSING THROUGH VERTICAL GLAZING.

In this section a method is described to find the intemsity of direct

radiation that is transmitted through a vertical glazed opening. Firstly,
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the altitude and azimuth of the sun must be determined from a sunpath
diagram, figure 10. For a location with a latitude 34%5 in July at

10 o'clock solar time, the azimuth is 34° (to the east of north) and the
altitude is 29.3°, Sinée the orientation of the opening considered in the
example is 25° to the east of north, the projection of the angle of
incidence in the horizontal plane is 5° (34 - 25). Figure ‘11 can be used
to find the true angle of incidence for a vertical plane., The vertical
scale indicates the solar altitude and the horizontal scale shows the
angular difference between the solar azimuth and the orientation of the
vertical plane (the projection of the angle of incidence on the horizontal
plane). The curved lines show the true angle of incidence. In the example

given this is found to be 31°,

The nomogram, figure 12, can now be used to find the maximum direct
radiation intensity passing through vertical glazing (11}. The first
section of the nomogram "A" is in the lower right hand corner, where the
solar altitude is indicated on the vertical scale. The intensity of
radiation normal te the surface is found vertically above the intersection
of the horizontal line (scolar altitude) and the altitude band (0, 1000 or
3000 metres abeove sea level). Each radiation band ranges from dry to
humid so that the effect of water vapour is considered. The vertical
line indicating normal radiation should be continued to enter sectiom

'B" in the upper right hand section. The radiating diagonal lines
indicate the reduction in radiation due to different levels of pollution,
ranging from 0.00 (without pollution to 0.40 (poliuted). On the vertical
scale horizontal across from the corresponding intersection, the

corrected direct normal radiation intensity can be found.

The final section on the nomogram 'C' indicates the additional
reduction in solar radiaticn intensity according to the angle of

incidence.
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Two cases are considered; the dotted lines shew the radiation incident
on a plane surface, while the dotted lines show the direct radiation
transmitted through single glazing. The horizontal scale vertically
below the intersection of the normal radiation line and the appropriate
angle of incidence diagonal line indicates the direct radiation

intensity.

The direct intensity has been calculated using the following values:

Latitude 32°% Month Juiy

Solar time 10.00 hours

Solar altitude 29.3 Azimuth 34.0

Altitude above 5.L. 0 melres Humidity humid

Pollution .30

Angle of incidence 60.3° On a herizontal surface (90 — 29.3)
11° On a vertical surface, orientation 25°

Result 690 watts/m2 normal Intensity

340 wattsfmz Horizontal surface

530 watts/m2 Vertical surface through glaziang

The result for the intensity on a horizontal surface is 20% greater than
hat calculated in the previcus seetion. This former result assumes
average monthly cloudiness, based en data frem the U,S5.A. while the

result shown on this prge corresponds to clear sky conditions.

A final check should be made to confirm that the direct solar radiation
is not obstructed by the building facing the opening at the hour and
date considered. This is highly unlikely if the figure 5 has been used
to find the time of maximum radiation intensity, but if the figure 12 is
used to find the radiation intensity at other times, this factor may be

important.

THE MAXIMUM DIFFUSE INTENSITY TRANSMITTED
THROUGH VERTICAL GLAZING: 46

The maximum diffuse intensity on a herizontal surface was found to be
186 watts/mz. Figure 13 can be used toc find the proportion of diffuse
radiation on an unobstructed horizontal surface that is transmitted
through a vertical glazed opening, according to the solar altitude and
the difference between the azimuth of the sun and the orientation of the
vertical surface. This graph is based on a relationship developed by

Parmlee quoted by Page (12).

The proportion of diffuse radiation which is transmitted through the
single glazing must be reduced if there is a building facing the opening.
Figure 7 can be used to find the proportion of diffuse radiation passing
through a vertical glazed opening with and without an'obstruction. The
former divided by the latter indicates the proportion of uncbatructed
diffuse radiation that will be transmitted according to the height of

the building facing the opening.

The diffuse intensity passing through a vertical glazed opening can be

calculated as follows:

Maximum diffuse intensity on a horizontal surface 186 watts/m2
Sclar altitude 29,3°
Difference between azimuth and orientation 9°

Proportion of diffuse intensity passing through

vertical glazing, from figure 13. 0.73
Unobstructed diffuse radiation passing through 9
vertical glazing (0.73 x 186}. 135,8 wattse/m

Proportion of horizontal intensity from an
unobstructed sky, from figure 7. 42%

Proportion of horizontal intensity from a 207
obstructed sky, from fipure 7. 187

Properticon of obstructed diffuse intemsity
transmitted (42 - 18). 0.43

Obstructed diffuse intensity transmitted (135.8 % 0.43). 58 watts/m2
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This value can be added to the maximum direct intensity transmitted to
find the total. An additional component corresponding to the radiation
reflected from the ground and from surfaces facing the window should also
be added, but it is assumed that this component is equivalent to the
radiation that is reflected and retransmitted from the interior to the

exterior.

INTERNAL TEMPERATURE VARIATION:

The variation in internal temperature can now be calcuiated using the
admittance method as explained by Burberry (13} or publicatioms of the
Building Research Establishment (3). To aid the calculation, a nomogram

has been prepared, figure 14.

The first section "A' in the upper right-hand comrner is used to find the
swing in radiation intensity above and below the average intemsity. The .
hotizontal scale shows the daily average global radiation intensity and
the diagonal lines indicate the maximum global intensity. The variation
in global intensity is found on the vertical scale, horizontally across
from the intersection of the two known values. This variation hag been

adjusted to take into account the alternating solar gain factor.

Section 'B' is used to find the total gain according to the effective
surface area of the glazing, by reading across from the variation found in
section 'A' to the diagenal corresponding to the effective surface area.
On the herizental scale directly below the intersection, the swing in the
total gain can be found., Before reading vertically down to the next
gection of the graph, an adjustment should be made for the variation in
the internal incidental heat gains, The average internal heat gains were
calculated earlier. The variation in these internal gains should be
caleulated for the time of maximum solar radiation gain, If these are
lower than the average, the difference should be subtracted from the
solar gains to find the swing in the total gains, while if these are
higher the difference should be added.

TABLE 1

THE THERMAL ADMITTANCE OF BUILDING ELEMENTS
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Element Construction Admittance
winZ deg C.
Walls:
Lightweight or hollow block more than 753mm thick. 3.0
Hollow concrete ot perforate clay Block 75mm thick. 4.0
Brick more than 75mm thick. 5.0
Concrete more than 75mm thick. 6.0
Two fibre board sheets with an air space between them. 2.0
Heavy partitions with an insulated lining. 3.0
Floors:
Dense concrete. 6.0
Concrete covered with carpet, cork tile or wood block, 3.0
Suspended timber floor. 2.0
Suspended timber floor with carpet. 1.5
Ceilings:
Plastered concrete. 6.0
Plasterboard, air cavity and a dense concrete alab, 3.0
Plasterboard or traditional plaster ceiling with
roof cavity and pitched roof. 2.0

Windows:

Calculate the heat flow according to the 'U' value
and the heat transfer due to ventilatiomn.

Source B.R.E,
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Befove using sevtion ‘C' of the graph the 'admitcance' of the space or
buil.ing wider considerazion should be colcutated. The admittarce can be

defined as “ra rate ot whool heat entere |

a wmic area of the

for a

surfaee i a building e

the air snd the suilae, Lt i 3 measure ¢ 1 e abijitwv i 4 surface to

reduce femperature Swings admittancs valves of varicvus forms of

COnSETLetIcn are yilier !

ch of the inter

The admittonce valwe Yrom Table 1

riuce area of thas

sieuld be omurtiplics v Lhe Lates

“hoso caleuiated earlier sioould be addod

suticil to

e suw of the produets, This total indicates the flou of heat inro

jag slements and the flow due to ventilation and transmission

for a one degree temparature difference. The diagonal corresponding te

"¢ of the figure. The vertic:

this total should be fournd in ser

scale horizontaliy across from the point of intersection shows the

maximum variation {n temperature above and below the average.

The adjacent scale inp section 'D' of the uwomogram shows the maximum range
of temperature {(the difference borween maximum and minimum!. The
horizontal scale shows the average Intcraal temperature caleoulated
earlier. The point of intersection betweern the range and the average
should now be fonnd. If this point iies within the solid triangle, then
the thermal conditions are suitable for a living space. If the point lies
within the dotted trapezium, then the thermal conditions are suitable for
bedrooms or sieeping spaces. Lower average temperatures are accepiahle
but the tewmperature range should be lower as large temperature swings
will disturb sleep. Finally the lightly dotted triangle defines the
range of thermal conditions that are acceptable for circulation spaces,
attached greenhouses or sun spaces that are used cccasionally for

circulation or when comfoertable.

1f the point lies cutside the comfort zone appropriate for the use

required, then the nomograms can be used in reverse, Firstly, the

it diffevenss in temperacuse beweed
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appropriate remedial action should be decided; change the average internal

remperacure or reduce thke range ov both. 7iho corresponding design change

can aow b feuad using figure 11 of figure @ {or both). The thermal
characteristics of the building can be improved increasing the thermal

ulation or the admittance or adjusting the surface areas. The area

is{ the glazed opening can be reduced (to reduce the swing) or increased

{to raise :he average temperature). The solar radiaztion intensities can

se oimprovad by optimising the orientation o increasing the spacing

Gotween bulldlngs. Fioally, s oa iast resort, auxiliary heating may be

neaded,
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HOT AIR GENERATOR UTILISING SOLAR ENERGY 56

Dr. M. Sharief Abdelhafie=z
Faculty of Engineering, Alexandria University.
Dr. Salah Eldandouch, Dr. Mahmoud Abdelsalam
Faculty of Engineering and Technology,
Helwan University.

er concerns a solar voliecvnr for Lot alr gereraring at a

T raie and Temperonie . It cav be degcribed as a noew
G ALET . W cpat 4.ze and brw cost abscrber.
Thie ner ALy gensy.ter o olemrae “ier with top-glass

wovanferaly s

covlong Gy : Caeoan rhe eurrance, which
sl a0 sidarabic oo o Jlun o0 el 0 oEs The kot alr grnerator

Lot bed YT, T 1 vium shevings., This
0l n abunds e 1. s.ooe.  obo nevicormance of the hot
i gl ¢ $5 imvenligated ewperiooataliy compars.d with the

s iy shed gaca of other Jdesigng.  The veg 5-107

In th - ypast fev decades, the sclar air hiate<s ;¢ found a wide range of

2, pamely, space heatloap, crep o oy.mg and industrial

1

Lf these zpolications. The

racion and have steoceeded inox

;¢ pracrical use of solar alv hecters was oo dpdce heating (17.

presaut time there are mete than 5,000 houses heated by the solar

enerpy air heater technique {2).

Alsc, the use of solar emergy im the field ov drying becomes very
attractive, and in 1968 alone, Australia exported over 72,000 ton of

sun—dricd food worth over $27 million (3),
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The majority of air heaters used in these applications are conventicual
hot-box types c¢f adequate size (4,5). The earliest modification of the
conventional air heater was dene by Lof (6), and was an overlapped glass
plate. The feasibility of matrix selar air heater was studied too (7).
Both types were recently analysed by Seluck (8,2). Bevil and Brandt (10)
have done cxperimental work on a specularly reflecting, finned-plate air

heater (11-14).

The effect of selective surfaces varying heat transfer coefficient (15-16)
and the merit of a stagnant air gap between the absorber plate and the
cover glazing, have also been investigated (17). Sewveral orther designs of
solar air heaters have been postulated, constructed and tesied over the

Last years (4,5).

The study of the abovementioned types of solar heaters, show that rhey may
be described as modifications or improvements in heater performance of
conventional type. This development while producing the sought for
improvements in heater performance, at the same time adds to the cost of
the unit. Moreover, the use of special material such as high selectivity
black coating, selective non-reflective glass, matrix, cveriapped or
honeycomb glazing, in the solar air heaters would raise the cost of it to
unacceptable levels. From our point of view, the solar devices must be
fabricated from materials that are readily availabie locally. Hence, the
improvement in air heater performance must also he sought in other less

expensive directions.

Also, the analysis of solar collectors heat balance shows that the rate
of heat loss from the top glass cover plays an important part in the
collector performance evaluation. This less amounts to more than 257 of
the total input solar radiation {18), and depends on the temperature

difference between the glass cover temperature and ambient one.,

The author of (18) tries to estimate the reduction of heat loss

corresponding to one degree reduction of top glass cover temperature. He
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. 2
found that with cover temperature 380C and insclatiocn 630 w/m™, the

expected reduction is 20 WImz for one degree reduction which represents

a saving of about 3.17Z. This saving, of course, has no meaning unless

the medium to be heated is used to cause the reduction in cover glass

temperature. These considerations led to the present investigatien.

HOT ATR GENFRATOR DETAILS:

Some considerations are taken at the design and construction of the het

azir generator in order to minimise the troubles existing in the known air

heaters. These considerations may be summarised as follows:-

1.

The circular shape is chosen for the het air generator, to aveid the
problems associated with the rectangular shape, mainly the non-uniform
distribution of the air over the abscrber plate. That creates a dead
zoue, and results in incomplete ucilisation of abserber plate leading

to a remarkable reduction of efficiency.

The air entrance of hot gas generatcr 1S made in the centre of the
top glass cover to secure the uniform distribution of air to make
caoling of the top glass cover to minimise the losses from it which

usually amounts to about 257 in conventional rectangular air heaters.

The hot air generator absorber comsists of a rectangular cross-
sectional ring made from shavings of iron and a central iron dise,

The absorber cost is cheap and simple in design and construction if
compared with the well known absorbers of other constructions. In the
frame of these considerations, the hot air gemerator is designed and
constructed as shown in Fig. (1). 1t consists of a 800mm — lum thick-
ness iron disc surrounded by 130 x 100mm rectangular cross-sectional
ring of iron shavings. They both represent the solar device absorber,
which is coated with black paint, The absorber is covered with a
double glass plate. The upper has 1080mm diameter and 3mm thickness.

The lower glass plate is 790mm diameter and the same thickness. The
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front glass cover contains the air entrance hole at centre which was
supplied by air filter (150mm diameter), and is fixed by a rubber
ring inte a wooden frame. The absorber plate and the glass covers
are mounted into a cylindrical metallic vessel having a bottom hole
of 150mm, operating as the hot air exit. This vessel is concengric
with another metallic vessel representing the cuter frume of the hot
air generator. The space between the two cylindrical vessals is
filled with insulation. The hot air generator is fitted at the
hottom with a low power radial blade blower. The hot air gemerator

ig fixed to a frame which allows the required imclination angle.

Figure (2) gives two photographs of the apparatus located

horizentally {(a) and at the optimum angle of inclination {b).

INSTRUMENTATION AND TESTING:

The apparatus is provided with 0.1°C mercury thermometer Lo measure the
inlet and exit temperatures of air. The air—flow velocity was determined
by standard calibrated pitot—tube. The total incident solar radiation

on horizontal surface was evaluated by & portable type selarimeter,
calibrated in the organisation of meteorsiogy at Kobry-el-kobba, Cairo.
Ten calibrated cu-co thermocouples were attached at suitable points on
the glass cover and absorber to measure surface temperatures. All
thermocouples were connected to a putentiometer through a multi-point

over-change switch,

. . . 2 .
The cffective area of the hot air generator is 0.82m . Tt was oriented
N-5, and was tested with o° angle of tilt {local latitude 300). The air
flow rate was adjusted by air valwve at the blower outlet. The hot air

generator was tested in June 1981.
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RESULTS_AND DISCUSSIGNS:

The hot air gemerator performance is given by ¥ig.3, which shows the
variation of air temperature at heater exit, ambient temperature, heater
efficiency and insolation received by the heater in horizontal position
versus the day time. These curves represent the average values of the

given parameters for a one-week test (15.6 -~ 21.6.1981) of the apparatus.

The performance curves are approximately similar around the noon time.
The efficiency curves show values up to 0.78 for the maximum efficiency,

which is higher with 5-8% of the efficiency of convential type air heaters.
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Fig. (I) Construction detaila of the radial double-pass circular collector



Fig. (2~b) The hot air generator st optimum angle
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THE PERFORMANCE OF AN IMPROVED HIGH
TEMPERATURE THERMOELECTRIC MATERIAL 75

D M Rowe
Department of Physics, Electronics
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ABSTRACT

An unconventicnal method of generating electricity is by the thermoelectric
effect. Thermocoup’es made from semiconductor alloys are employed in a range
of specialised applicaticns where combinations of their desirable properties
outweigh their reiatively high cost and low conversicon elficiency - typically
less than 10%, Silicon germanium alloy is an estiblished iigh temperature
thermoelectric material and thermocouples fabricated from it are used in
thermoelectric generators which provide the onboard power *5 the Vovager
spacecrafts. In this paper the results of the first measurcments of the
thermcelectric properties of small grained heavily doped silicon germanium alloys
are reported. It is concluded that in these materials the lattice thermal
conductivity is substantially less than comparable "single crystal" material.
This manifests itself in a significant improvementcf the materials' figure

of merit and hence in its thermoelectric conversion cfficiency.

INTRCDUCTION

Spacecraft engaged on missions into intensae radiative environments such
as those encountered in the vicinity of the Sun or Mercury; or on distant
missions to the outer klanets, are for obvicus reasons unable to derive electrical
power from sclar panels. 1In thase situations, thermoclectric generators are
used to provide onboard electrical power to the craft by converting the heat
energy derived from nuclear radiation into electrical energy. Silicon germanium
alloys are established high temperature thermoelectric materials and have
successfully been employed on the Voyager spacecrafts to Jupiter and Saturn.
Recently, however, the dominance of silicon germanium has been threatened by
the develcpment of a new family of thermcelectric materials - the selenides -
and both techniques are competing for selection by NASA/JPL for use on the

Galileo (Jupiter orbiter) planetary mission scheduled for Rugust 1985* (1,2,3).

*Since presenting the paper the author has learned that $i-Ge technclogy has been

chosen for use in the Galilec mission.
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The basic equations which govern the conversion of heat energy into
electrical energy by the thermoelectric effect are well known and it is
suffice to state here that once the operating temperature conditions of the
thermoelectric device have been decided, the conversion efficiency is dependent
upon the sc-called figure of merit 2 of the materials from which the thermocouples
are fabricated. 2 = QEE where 0 is the Seebeck coefficient, U the electrical
conductivity and X, the total thermal conductivity is the sum of the lattice
component KL and the electronic component Ke. Evidently any improvement in 2
would result in a corresponding increase in conversicn efficiency and an

accompanying saving in both weight and expensive nuclear fuel.

One possible method of improving the Z value for silicon germanium alloy,
is to reduce the thermal conductivity without reducing the electrical properties
by limiting the phoncn mean free path through the use of grain-~boundary scattering.
In practice this may be achieved through the use of very small grain size "compacts"
rather than the "single crystal" or the relatively large grain size materials

currently employved, (4).

In & paper presented at a previous symposium, the results of calculations
of the potentjal improvement in the thermcelectric figqure of merit which would
accompany the use of small grain size material was reported and the consequent
predicted improvement in the thermoelectric conversion efficiency discussed, (5).
In this paper the results of the first measurementsof all three parameters
cccurring in the figure of merit for small grain size silicon germanium alloys
are reported. The thermal conductivity is derived from the measured thermal
diffusivity data using published specific heat values and the lattice thermal
conductivity obtained by subtracting the electronic component. The results
confirm that the lattice thermal conductivity decreases with a reduction in grain
size while within experimental error (<5%) the electrical properties do not
change with grain size. The thermoelectric conversion efficiency of small
grain size material is substantially improved compared to equivalent “"single
crystal” or large grain material and exhibits a figure of merit which is

significantly higher than values guoted in the literature for the selenides,(&,7}.



EXPERIMENTAL METHOD:

77

The material used in the investigation was cut from 2 single crystal
ingot of homogeneous, zone leveiled Si63.5 Ge36.5 alioy, doped n-tvpe
with phesphorus to about 1 x 1026m”3. A disc shaped sample suitable for
thermal diffusivity measurement by the iaser flash technique (6bmum diameter
% lmm thick) and an ingot shaped sample suitable for electrical
conductivity and Seebeck coefficient measurement (Zom ¥ Zmm % 8mm) was
cut from a slice using an ultrasonic cutter. The remainder of the slice
was crushed, sieved, and compacts 10mm in diameter and ~ 3mm thick were
prepared from starting powders pussessing a grain size L in the range
10KL < 25um, 5L < 10um and<5mm using a previously described
pressing procedure. The densities of the compacts were determined by the
method of hydrostatic weighing., The error in density determination was

less than §.57 and the density of the three compacts were better than

987 that of the parent inget,(8)-

Electrical conductivity and Seebeck coefficient measurements were carried
out in a furnace evacuated to 1()-5 torr. The samples were lnstrumented
with NiCr/NiAl thermocouples (448WG) wedged with graphite into twe fine
holes drilled along one side of the sampie. The sample was held in a
helder by spring loading between a ceramic heater and a molybdenum heat
sink. Current leads to the sample for electrical resistivity measurements

were made at the ends of the sample using platinium wire and the alumel

thermocouple wires used to measure resistance velitage. Seebeck
coefficient values obtained relative to alumel were converted to
absolute values from a calibration of alumel against copper. The
transport properties of these materials can change during the period of
measurement due to precipitaticon of dopant. In order to minimise such
effects o dip stick sample helder arrvangement was emploved which allowed
the sampie to be aunsaled at 1000°¢C for 1-2 hours befare its insertion

abled the

intoe the guartz vacuum furnace, Although the arrangement e
sample’s temperature envivonment to be alteved rapidiy, the samples
rvequired 10-20 mins to reach the necessary thermal equilibrinm {or the
commencement of measurement. The experimental error in resistivity
rasurement was less than + 1Z., Toermal diflusivity measurcments were
made on disc shaped samples using a system based upon the lascy Vliash
methad. Measuremenis on ARMCO lron indicated that the accuragy of the
system was better than + 27 at room temperature. Reproductibility of

measurement s was about Che same, (9,10) ¢

AESTLTS:
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The variations of electrical resistivity, Seebeck coefficient, and
thermal resistivity owver the rtemperature range 300K to 1100K are
displayed in figures 1 and 2. To all iatents the electrical
resistivity values de not change with reducticn in grain size and
any change in the Seeback coefficient, falls within the experimental
error of 3Z. The thermal diffusivity decreases with reduction in
grain size and in the compact with a grain size of <5pm is reduced
by ~ 287 compared to the single crystal value. Thermal conductivity
is obtained from the measured thermal diffusivity using the relationship
K= Cpa where CP is the specific heat per unit volume at constant
pressure and a value of Cp appropriate cto the alloy investigated is
taken from the literature. The electronic component is given by
Ke =L (5—)2 . L depends upon the scattering mechanism of the charge
carriers and for the materials under investigation is about 2.9, The
lattice thermal diffusivity obtained after subtracts Ke from K ig
displayed as a function of temperature in figure 3, In figure 4 the
figure of merit of the improved silicon germanium alloy is compared
with values taken from the literature for 2N and 3N lead telluride

and n-type gadolinium selenide,(tOJU)ll)'

DISCUSSTON AND CONCLUSION:

The results of measurement of all three transport properties which
oceur in the figure of wmerit indicate that in these fine graiuned
materials, a reduction in lattice thermal conductivity is not
accompanied by & reduction in electrical conductivity. In the compact
with I£5 um the thermoelectric figure of merit at 1000K exceeds

1.4 x 10_3 compared with a value of about 1.0 x 10_3 reported for
gadolinium selenide. The preparation of fine grained compacts of
gilicon germanium alloy is tedicus but not eXceptionally difficult.
Providing that there are not any unforeseen thermoelement fabrication
problems peculiar to fine grained materials, thermoelectric generators
based upon this technology weuld exhibit a conversion efficiency

significantly higher than that of its competitors.
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Figure 1.

Figure 2.

Figure 3.

Figure 4.

Electrical Resistivity p and Seebeck Coefficient a of

Si63.5 Ge36.5 alloy as a function of temperature.

Thermal Resistivity of 8163.5 Ge36_5 Alloy as a

function of temperature for different grain sizes.

Lattice thermal conductivity of 5163.5 GEBG.S Alloy

as a function of temperature for different grain sizes.

The figure of merit of improved 8163 5 Ge36 5 alloy

compared with values of its competitors.
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ANALYSIS AND DESIGN CF A DIFFERENTIAL SUHSHINE RECORDER
A. Ayensu

Department of Physics
University of Cape Coast
Cape Coast, Ghana

ABSTRACT

A& differential sunshine recorder for measuring sclar insclation has
been designed and censtructed from locally available materials., The
device could measure and record the absolute value of the intensity
of the sun during any period of the day. The maximum solar intensity
measured for the locality {(Capg Coast) is 1045 Wm and the minimum
intensity measured is 547 wm . The variaticn in solar intensity
1s due to the diurnal westher changes.

The theory of the diffential sunshine recorder was based on Stefan's
radiation law and the mathematical relation for the intensity calecula-

tions was derived as
3
I = 16 : (., - T
1668 1" o)

where the rocm temperature T - 301K, (T - K iw the differential
temperature between a shaded and unshaded sp%lerc and 5 is Stefan's
constant. The equation makes it possible to use a thermocouple as

10y

the sensing element. A direct current amplifier with a gain of 100
was used to record the thermocouple output.

From the data obtainred, the atmospheric absorption factor wasg calou—
lated as 25% and the average daily energy received was 30 Mdmn .

IHTRODUCTTON

The design of any solar system (e.g. a heating system) requires the
total value of ingclation on the ceollectors. Unflortunately, wmost
meteorclogical stations in Ghana have the Campbell-stockes recorder
which comprises a glass sphere with a card recording element wmounte:!

at itz focal surface. The sphere focuses the sun's rays fz‘ommgr,}r
direction onto the card and when the intensity =xceeds 150 Wm i
burn iz preauced. Thig device only gives a sun or no sun record,

Lnovannot record the Intensity varialions durirg the Jdny.

a5

However with the recent construction of dams for irrigaticn purposes
where quantitative analysis of the rate of evaporation is necessary
ag much more dft?lled information con solar intensity is needed. Re-
cently, Sayigh has given a compendium of the solar measuring in-
struments and has remarked on the importance of proper calibration.
Since these instruments are not readily available in Ghana, it was
decided to design and construct a simple differential sunshine re-
corder, that will record and measure direct solar radiation but would
ignore 'sky' radiaticn (or diffuse radiation) scattered by the air
molecules, water droplets in clouds, aerosols (dust, smoke, pollen)
and gases present in the atmosphere (03, O?, COQ, HQO).

THEORY OF DIFFERENTTIAL SUNSHINE RECORDER

The theory of the differential sunshine recorder is based on Stefan's
radiation law. To apply the law to ocur case, consider a small
blackened sphere in a transparent enclosure whose walls are at an
absolute temperature T _. The sphere reaches thermal equilibrium at
a&n absolute temperature of T when its re-radiation rate balances
the radiation per second falling on it; that is

A'rrrzg Tld = 47i’r2d TB4 DS S Trzl........ (1)
where r is the radius of the sphere, D is the sky radiation (in wm_g)
avsgag,ed over 4 77 steradians, 1 is the direct solar radiation (in
wm ! and is the Stefan's constant. Egn. 1 igneores any coonduction
or convection losses from the small sphere.

If the sphere was shielded from the direct solar radiaticn then the
eqn. (1) would be

2 4 4 2
AT 4T =.47Tr23 Ty AT DL (2)

Thut is, the sphere would have an equilibrium temperature aof T2 which
is less then Tl.

Fquations (1) and (2) can be re-arranged Lnto:

4 4
- T, =D /48 (3}
é
and
| 4
l.j - T = 6 ... (4)
z n
approximating T[’-‘é T, and ¥ == 'I"< foe o minieun valus of [ odetzctable

on th= recorder,
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4 4 3
T - T = {T - Seisaenanan
N 3 (1 TB) 4T, (5)
4 4 3
and T - T = (T, -T 4 .
o . (2 B) Ty {8)
3
Thi i T -T.}) a =D
is gives (1 B) TB d_'+1/46 farerreaeaaeanes (7}
3
and T -T 4 =D PR .
(2 2 T 7 e (8)

Subtracting eqn. (8} from eqn. {7) we obtain

(9}

166 T
B

which is the differential result between a shaded and an unshaded
sphere. Eqn. (9) makes it possible to use a thermocouple as the sen-
sing element, the hot junction to be imbedded in a small sphere fully
exposed and the cold juncticn in a sphere shaded from direct solar
radiation. Since the output of a thermocouple is dependent on the
the temperature difference of the juactiocns the output would be a
direct measurement of I and by recording this output the wvariation
of I through the day could be cbtained.

CONSTRUCTION OF THE RECORDER

Two cuboids of dimensions 5 x 5 x § cma and 2.5 x 2.5 x 2.5 cm3 were

built from sheets of perspex (PmmA). The sheets were glued together
with chlcroform. Two holes were bored under the small cube through
which the two junctions of the thermocouple were passed. The two

Junctions of the thermocouple were embedded in spheres of black pla-
sticine of 2mm diameter inside the smaller cuble such that they have
exactly the same view of the sky. Thin foil of aluminium was used
to line the adjacent sides of the smaller cube, The smaller box and
its contents were suspended inside the larger box which alsc had cut-
lets For the thermocouples.

Two holes were bored at the top and bottem of the larger box for water

to flow around the hollow space surrounding the smaller box. Rubber
tubings were used as inlet and cutlets for the circulating water.
The side view of the recorder is shown in Fig. 1. A& is the totaily

exposed Jjunction sphere and Y is shaded at all times by aluminium
foil strips as the rig rotates to follow the sun. A clock driven
mechanism was constructed fto rotate the recorder so that thes sphere
A was always directed to the solar radiaticn, Copper-congtantan
thermocouples were ussd n2s Lhese pive a Zairly larg: output Tor a

a8

given temperature difference. By using fairly thick wires (cof 1mm
diameter) the junctions were made selfw-supporting although this would
mean appreciable losses down the leads.

TEST FROCEDURES AND RECORDING

The recorder was set up on a high flat roof with a clear view of the
sky. The leads were connected to a student potentiometer which was
shielded from sunlight. Water was passed into the inlet tube from
an ordinary tap. Preliminary data for the potentiometer reading for
a given temperature difference was of the order of 1mV. It was there-
fore decided to construct a direct current {d.c.) amplifier with a
gain of 100 to increase the sensitivity of the measurement. Fig.
2 shows the circuit diagram of the d.c. amplifier with the power
supply. The amplifier was stable enough that noise, leakage current
and voltage drift or fluctuations in the a.c. mains were remcved.
The amplifier has two outputs, an internal and external which are
controlled by a switch. A voltmeter was put at the internal output,
while the external output was connected tc a chart recorder for con-
tinuous menitoring. If X is the output metre reading and the gain
is 100, then the e.m.f. in wvolts penerated across the thermocouple
junctions is X/100. The calibration graph, for the Copper-Constantan
thermocouple is shown in Fig., 3. This gives the temperature differ-
ence for a given value of e.m.f. (mV}.

The recorder readings were taken at an hourly interval throughout
the day. Table 1 shows a typlc%l data f‘og 23 March 1981, VUsing egn.

(9} and taking § = 5.7 x 10 Wm K and T = 301K, the values
of temperature difference (T ] were converted inte values of
intensity measurements I. Tlhe re%atlonshlp between (T. - T_ )} and

1 represented by egn. (9) is shown in Fig. 4. A typical diurnal varia
tion of total irradiance (i.e. radiant flux density incident on a
surface) is shown in Fig. S.

AMNALYSIS OF REBULTS

The results discussed in this section are based on data obtained on
23 March 1981; and the analysis is applicable to the data for other
days (zee Appendix for the mean solar intensity data for February,
Yarch and April, 1981}. i

From Table 1, the maximum Lrtonsity For the day occurs between 1200-
1490 hours local time and bhere is tne usual diuvrnal variaticon of

solar irradiance., Thegse ‘tiown results conform the accuracy aof  Lis
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device A a suitabie recorder. Theoretically, the intensity of the

sun in oa locality wnder study oo Lo "o Le o {2). The reason
is that since the Junction of the thormoccuf ich s sogsed e
the solar radiation s a sphore it ought to ive 1T

anple of thoe clevotion of bthe sun where 3

ener;y poes sucnnd gpor oudnih osees normal

+

43}

rays Tailing on

the earth rromn bhe

B
llence it s expected that all values of 1

an the

grapt saculd therefore he the same ard equal te the solar o

stant 3. This w.il be e ol aly

only in the ab sEspheria absorp-

The abmerphere abzorts and scalters o grent aeal of the inol-

entl o soics radiation, The wvariatior of the =Iective

the wt . .phe.o alsc aftr-cts the zolar insolation re

Loat dawn and at dush.

14 Sresté

e insclation changes during he depends Inoa

lox xay un agesn L waler Yapour BNE acros [ of the alno-
cphere and the distribution of Uhe cloud, Thir ‘s i ise true for Lhs=

solation chang during the year, Rouphiy, = thi ! of rad.ition
recelved outside bhe atmosphere .o scablered cinck, @ b

1u whsorbed and a third is transmitiied to the

The assorption factor & ifo defined as the ranio abgeioped radia-

Lion to the incident roadiation, .2,

(&4}

where I is the maxiacm intensity received. Frem the data obtained,
the 1.01’[?‘1‘1)( solar energy abscrbed n bhe atmosphers by waler wvapcur,
2loud, dust and smoke is 25%. The flux al the surface is expected

to be 294 less than it would ke in a perfocily clear atmosphere.

It can be dedused from figure % that the diurnzl variation of total
irradiance s approximately sinuscoidal.  The flux of total solar ra-

diation It at t hours after sunrise can therefore be expressed as

[= I REE G A7 (113

t max
where I is the maximum irradiance at solar noon and N is the day
length Tgxhours. Eqn. 11 can bLe integrated to give an approximate
relation between maximum irradiance and the daily integral of irra-
diance, conveniently referred to as dally insolation. The integral
is

N N/2

t
I, dt = 21 Sin(ﬁ /H) dt

{12)

"
S
=
=
=

max

4

=2 . 3
Four Cape Coast, 1 = 175 Wm , N 12 hours = 3.2 x 105, sc the
ms1
approximate insolatfon fi.e. the toial direct solar cnergy recclved)

is 20 MImo .

The solar intensity was found to be grestest at 13 hours local time
vhen tho effective thicknacss of the atmosphere ls expected to  be
least., This may be due fo the builua up of dust and water vapour in

the atmosphers during the day as a4 rosulk of convection currents,

There 1x an apprecioble lag between the increasc of intensity after
dawr and the rise of temperature of the carth's surface so thab the
dust l‘aiFj! 51); convecticnal currents to not set in strongly until after

mic-day .

“he maximum and minimum  intensity for specific days in the months

o

Lnder oensideration differ from one mouth to another by 5-G%. Even

Jithin oA particular montihy, the maxisun oand minimum intensities for

Jays VArLgs by + 2%, The mean intensity for the months

is 762.04Wm .

COUCLUSTUNS

i, A differertial sunshine recorder has been constructed from locally

availenle materials, and the device could measure and record the in-

tencity of the sun during any period of the day.

el
. - o N —e P - -
2, The marimum solar intensity of 1075%Wm and minimum intensity

of S50Um  were recorded. The intensity variations depend on the

diurnal weather changes.

3. The atmospheric absorption factor 1r; the locality is 25% and the
total energy received in a day is 30MJm .
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Diurnal variation of total solar irradiance

for Cape Coast on 23 March 1981,

Figure 5.
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Table 1. Solar insolation data for the recorder on 23 March 1961
Local Time]l Amplifier E Thermocouplel Ef;? ::;:Ze : Intensi ty
/(Hours) { Output/(Vclts)i Output/{mv) ! (T::;Tz}/!{ : /W

o7 1 9.0 | 0.90 | 22.0 | 547.2

08 ) i1.0 i 1.10 \ 27.0 | 671.5

09 | 12.0 | 1.20 | 28.0 1 721.2

10 | 12.0 | 1.20 | 29.0 ) 721.2

11 | 13.0 | 1.30 | 33.4 } 848.3

12 | 15.0 | 1.50 | 37.8 | 940,0

13 | 17.0 \ 1.70 | 42.0 | 1044.5

14 | 16.0 | 1.60 | 40.0 | 994.8

15 | 14.0 | 1.40 | 34.5 | 858.0

16 ] 12,0 | 1.20 | 29.0 | 721.2

17 ‘ 10.0 | 1.00 ‘ 24.0 | 596.9

18 | 3.5 I 0.95 i 23.0 | 572.0




APPENDIX

a7

Solar Intensity Measurements for February, March and April 1981.

Location: Cape Coast,

Central Region of Ghana. (Altitude: 33.5m;

Average annual rainfall: 1193mm; Relative Humidity: B84%; Ambient

temperature: 300K).

Ffebruary 1981

Mean Intensity/(Wm—2)

{Hours} 1st Week | 2nd week | 3rd Week | 4th Week
1/2-7/2/81 | 8/2-14/2/81 | 15/2-21/2/81 | 22/2-28/2/81

Local Time/F
0700 l 500
0800 | 800
0900 ‘ 600
1000 | 850
1100 | 850
1200 | 650
1300 j 750
1400 | 200
1500 1 800
1600 | 750
1700 | 600
1800 | 550

550 550 575
i 850 | 550 | 650
: 700 : 600 : 750
| 750 | 600 I BOO
: 750 : 750 ; 800
| 850 \ 200 { 950
: 50 } 900 i 950
| 900 | 850 ! 900
: 850 J 800 : 875
| 750 | 800 | 200
: 650 : 750 : 850
| 625 | 600 | 600

March, 1921 28
Local 'I‘ime/ Mean Intensity/{ ;'m_g)
(Rours) 1ot Weck 2nd leek 3rd Week 4th ook
o700 550 575 600 575
0800 650 600 650 50
0300 750 650 750 750
1000 200 750 800 200
1100 800 850 850 50
1200 900 <50 ! 1000 1000
1300 1000 975 1000 1000
1400 950 a50 950 1000
1500 850 200 00 a50
1500 750 B850 800 £550
1700 900 750 750 200
1600 575 600 650 £50
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12C 29 Prague 2

Czechoslovakia

M. HORN

Universidad Nacional de Ingenieria
Av. Tupao Amare S/N

Apartado 1301

Lima

Peru

-12 -

Exypt

Tndia

India

Bolivia

Pakistan

Saudi Arabia/Egypt

Czechoslovakia

Peru/I-‘ed. Rep, Germany

57.

58.

59+

6C.

6l.

62.

63,

Name and Insiitute

Member State

34D, HURRY

School of Industrial Technology
Univeraity of Mauritius

Reduit

Mauritius

M. HUSSATN

Department of Physics
University of Decca
Dacca = 2

Bangladesh

P.C. JAIN

Department of Physics
University of Zambia
P.0, Box 32379
Lusaka

Zambia

A, JOYCE .

Centro de Fisica da Materia Condensada
Av, I Prof. Gama Pinto 2

Lishoa 2

Portugal

D, KALACHE

Station d'Energie Solaire
Route de I *observatoire
Bouzareah

Algeria

A.R. KAMAL

Kuwait Institute for Scientific Research
Departiment of BEnergy

P.0, Box 24885

Safat

Kuwait

L. KEITA

Ecole Normale Supérieure
B.,P, 241

Bamako

Mali

M.E, KENAWY
Department of Physics
Ain-Shams University
Cairo

Egypt

-13 -

Mauritius

Bangladesh

Zambi a/ India

Portugal

Algeria

Kawait

Mali

Ezypt



654

66,

67,

68,

69,

T0.

Tl.

Name and Institute

Member State

AN. KHAN

Applied Systems Analysis Group
Paldstan Atomic Energy Commission
P,0, Box No. 1114

Islamabad

Palci stan

0. KHARIZANOV

Central Laboratory for Solar Energy &
New Energy Sources

72 Boul Lenin

113 Sofia

Bulgaria

D, KIRIN

Institut "Ruder Boskovic®
Bijenicka C. 54

P.0.B. 1016

Zagreb

Yugoslavia

J. KLATNSEK

Universidad Politecnica di Madrid
Av. Juan de Herrera 4

Cuidad Universitaria

Madrid 3

Spain

P, KDLISIC
Elektrotehnicld Fakultet
Thseka 3

Zagreb

Yugoslavia

H, EJUONK

D.N.N, Akademisi
Dgretim GBrevlisi
Zonguildak

Turkey

E.N. LUSHIKH

Department of Physics
Tniversity of Dar Es S3alaam
P.0. Box 35063

Dar Ez Salaam

Tanzania

M. R, MAHMOUD
Chemistry Department
#aculty of Science
Assiut University
Assiat

st

Pakistan

Bulgaria

Yugoslavia

Spain

Yugoslavia

Turkey

Tanzania

Egypt

T3

T4.

T5s

76.

7T

784

79

Name and Institute

Member State

S5.Qa0s MAHTABOALLY
Department of Physics
University of Rajshahi
Rajshahi

Bangladesh

5.H. MAKARTOUS

Applied Mathematics Department
Faculty of Science

Ain Shams University
Abbassia, Cairo

Egypt

M. MAURETTE
Laboratoire René Bernas
B,P. 1

Batiment 108

Orsay

France

CoM. MBOW

Laboratoire des Semi Conducteurs
et Energie Solaire

Université de Dakar

Dakar

Senegal

M. MEBARKT

Université d*Oran

Institut des Sciences Exactes
Oran

Algeria

S« MELINTE

Catedra de Fizica
Institutul Politehnic Iasi
Speli Bahlui Stg. 63

Tasi

Romania

M. MIKD

Centire d'Btudes Mucléaires de Grenoble
Averme des Maryres

CGrencble

France

P. MOSCONI

Institute of Architecture
Faculty of Architecture
Resario

Argentina

-15 -

Bangladesh

Egypt

France

Senegal

Algeria

Romania

Prance/Peru

Argentina



a1,

32.

83,

&7,

aa,

Name and Institute

Member State

A, MOSTAVAN

Heliotechnology Laboratory
Department of Engineering Science
Institute of Pechnclogy of Bandung

Jalan Ganesha 10
Bandung
Indonesia

Ze Hl0YA

Instituto de Investigaciones en Mrteriales
Universidad Nacional Autonoma de Mexico

Apartado Postal 70 360
Mexico D.F,

Pe MPAWENAYG

Hational University of Rwanda
Centre for Studies and Energy Applicationsz

B.P. 117
Butare
Rwanda

M.A, MUNOZ
Departamente Gecfisica
Blanco Encalada 2085
Casilla 2777

Santiago

Chiie

M.T.5, NAIR
Department of Physics
University of Jos

PMB 2084, Jos
Nigeria

P.K. NAIR

Department of Physics
University of Jos
PME 2084, Jos
Nigeria

O.A, OMAR

Faculty of Engineering
Ain Shams University
Cairo

Egypt

F.N, ONYANGO
Department of Physics
University of Nairobi
P.0. Box 30197
Nairobi

Kenya

Indonesia

Mexico

Rwanda/Burundi

Chile

Migeria/India

Wigeria/India

Egynt

Kenya

9.

90.

al.

Name and Institute

Member State

M.B, QUAIDA

Centre National de la Recherche Scientifique

B.P. 5 Odeille
Font =Romen
France

G. PANTIS

Department of Fhysics
University of Icannina
Ioannina

Greece

3« PANYAKEOW

Jemiceonductor Research laboratory

Faeuity of Engineering
Chulalongkern University
Bangkok

Thailand

S. PARANGTOPO
University of Indonesia
J1l. Salembarzya no. 4
Jakarta

Indonesia

J.K, PATNAIK

Department of Meteorology & Oceanography

Andhra University
Visakhapainam 3
India

Co PATUWATHAVITHANE
University of Moratuwa
¥atubedda

Horatuwa

3r: Lanka

el PEER

Devartment of Physics
Imiversity of Kashmir
Iriparar 190006
Inzia

- 17 -

France/Lebanon

Greece/Ca.na,da

Thai land

Indonesia

India

Sri Lanka

India

Italy



97

98.

99

100.

101.

102.

103.

Name and Institute

Member State

Jo PRAKASH
Department of Physics
Ramjas College
Univeraity of Delhi
Delhi 110007

India

I. PRIETO

Universidad Politecnica di Madrid

Escuela Tecnica Superior de Arcitectura
- Av, Juan de Heérrera 4

Madrid 3
Spain

K.S. RABBANT
Department of Physics
University of Dacca
Dacca -2

Bangladesh

S. RAJANARONK

Faculty of Science
Ramkhamhaeng Umiversity
Bangkok 24

Thai land

R.N. RAY
Department of Physics

Indian Institute of Science

Bangalore
India

J«A. BETAMOZO

Centre d'Btudes Nucléaires de Grenoble

Avenue des Martyres
Grenoble
France

C, RIVASPLATA

Haticnal University of Tacha

Av. Bolognesi s.n
Casilla 316
Tacna.

Peru

- 18 -

India

Spain

Bangladesh

Thailand

India

France/Peru

Peru

105.

106,

107.

108.

109,

110,

111.

Name and Institute

Member State

H. ROTRIGURZ

Solar Energy Research Qroup

Department of Physics
Hational University
Ap. Aerec 100102
Bogota 10

Colombia

R.L, ROMAN

Department of Mechanical Engineering

University of Chile
Casilla 2777
Santiago

Chile

I.M. ROWE

Department of Physics
UWIST

King Edward VII Avenue
Cardiff CF1 3NU

South Wales

U.K.

A.0. ROJO

UPIICSA - Instituto Politécnico MNacional

Té 950
Mexico D.F.

M. SADECGHI

Institut f. Experimentalphysilk IT

Universit¥t Linz
Linz—Auhof
Austria

A.M, SALAU

Department of Physics
University of Ife
Ile~Ife

Rigeria

T, SAMUEL

Faculty of Engineering
University of Peradeniya
Peradeniyz

Sri Lanka

E. SCABAR

A,5.,E.5.

Viale XX Settembre 67/B
Trieste

Italy

an

Colombia

Chile

UK.

Hexico/Venezuela

Austrin/Tran

Nigeria

Sri Lanka

Italy



112,

113,

114.

116,

117.

118.

119.

Name and Institute

Hember State

T.P. SHARMA

Department of Physics
Institute of Advanced Studies
Meerut University

Meerut 250 001

India

d.A. SHAUKAT
Denartment of Physics
Punjab University
liew Campus

Lahore

Pakistan

V.M. SHRESTHA
Department of Physics
Kirtipur Campus
Kathmandu,

Nenal

I, SIDDIGUE
Department of FPhysics
University of Dacca
Decca - 2

Bangladesh

A. SKRINJAR
CuTello=Studio Associato
Via delle Erbe 9

Udine

Ttaly

E. SPINADEL

Facultad de Ingenieria
Departamento Electrotecnica
Paseo Colon 850

Buenos Aires

Argentina

P.D. STEPHENS

Department of Physics
Iniversity of the West Indies
Mona, Kingston 7

Jamaica

D.K. SUBRAMANTIAN

Indian Institute of Science
Bangalore 560012

India

- 20 =

India

Pakistan

Nepal

Bansladesh

Ttaly

Argenti na/Aust ria

Jamai ca

India

120.

121.

122,

123.

124.

125,

126,

Name and Institute

Member State

5.K. SURI

University of Garyounis
Faculty of Science
Department of Physics
P.0. Box 9480

Benghazi

Libya

K. TANER

E,D.M. M. Akademisi
Maldna FaklUltesi
Eskisehir

Turkey

V. THIRUVENGADAM

Technical University of Budapest

Faculty of Civil Engineering
Department of Mechanics
Miegytetem

Budapest

Hungary

M.S5. TOMAR

Universidad Simon Bolivar
Departamento de Fisica
Apartado 80659

Caracas

Venezuela

JaWe VASQUEZ -

Departamento Académico de Fiasica
Universidad Nacional Mayor de San Marcoa

Av. Venezuela s/n
Lima '
Peru

I, VILICIC

Tehnickd Fakultet Rijeka
N, Ustanka 58

Rijeka

Yugoslavia

J. VULETIN

Faculty of Engineering
Rudjera Boskovica bb
3plit

Yagoslavia

R.0. Jo3THAAD

Departnent of Architecture
Fazulty »f Technology
University of Guyana
Turkeyen

Guyana

Libya/India

Turkey

Hungary/India

V’enezuela/ India

Peru

Yugoslavia

Yugzoslavia



128,

129,

130.

13l1.

132,

133.

Name and Institute

Member State

K.K. WONG
Department of Environmenial Sciences

Faculty of Science and Environmental Studies

University Pertanian Malaysia

Serdang Selangor
Mzlaysia

K.L. YAU

Higher Petroleum Inatitute
P.0. Box 201

Tobruk

Libya

P,E. YIANOULIS
Physics Laboratery II
University of Patras
Patrasz

Greece

S. YIN

International School for Advanced Studies
Trieste

Italy

¥.I. YOUSSEF
Department of FPhysics
Faculty of Science
Mansoura University
Mansoura

Egypt

LA

A. ZAOUK
Ivole National Supérieure de Uhimtie ; .-

- 118 Boute de Narbonne

134,

31077 Toulouse Cedex
France

I.L. ZULIM

Paculty of Electrical Engineering
Rudjers Boskoviée bb

Split

Tugoslavia

- a2 -

Malaysia

Libya/U,.K,

Greece

Italy/Burma

Egypt

France/Lebsnon

Tugoslavia



