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A B S T R A C T  
- - - I - - - -  

although Nigerian8 have hi ther to  viewed ohaap and 

entiful energy r o u r a a a  such as coal, o i l  snd g a  a' J 
t h e i r  birth r i g h t ,  the supply i a  no longer cheap or 

accsa~ibLe,  ~ h c r e  is rn energy arisis due t o  pol i t i ca l  

i n e l a b i l i t y  mupled with t h e  drop in foreign exchange 

due t o  drop i n  ail export. The uae of e o l a r  energy now 

beoomes a viable option.  TO harnee~ and u t i l i a e  t h i ~  

abundant ao lax  energy effiaieatly, it i a  neoessary t o  

know just how maah of t h i s  energy is actually available 

at any given l o n a t i o n  and the faators  that influenae its 

intensity (inaludinq seasonal v a f a t i o n e ) ,  

w i th  t h i s  problem fn mind, an imprnved t h s m o g i l s  

pgrazmmeter h a a  been mnstructed u a l n g  l o c a ~ ~ y  available 

materia l8  and was used to measure the total  (d irect  andl 

dif fuas) d a i l y  insolation st N ~ d 3 . w  (~stltuda 4 , ~ ' ~ :  

Lowitude 7.35Og) in Ma7, 1991 . The reading8 obtained 

cleaxly ehow t h a t  the construatsd pyrmomatex i a  very 

e e n ~ i t i v a  and reaponde pufokly t o  any flnctuatione in 

a o l a r  redfation intensity, 

chapter one of t h f e  prejeat work deals  with t h e  

fundamental oonuept of t h e  sun which i s  the souroe of 

a o l ~ u t  ensfgy. f a u t o r a  tha t  inflaanoe thfg m l a ~  

energy distribntfon~ on Ear th  are alas diacuesed, 



In chapter two, some aolar radiation Measuring 

~nstruments and the i r  charaoteristics are &iacaseed+ 

chapter three gives full information on haw the ImaI  

p v a n o m e t e r  was anccsaafully aanatrwted ,  aeaembled 

and them checked, 

~ s m d t a  f r o m  measurements in ahaptsr four indiaata- 

tha t  the daily insolation at the ~niveraity of ~igaria, 

~eukke in t h e  month o f  ~ a y ,  1971 had a h i g h e a t  mean 

instantaneous ~ a h s  of 491 m-* and a lawest value of 

29 mg2. Theas rssolts showed marked improvement on 

30 emliar pyranometera aonetruated by Eze  and ~ s o g w o  . 
The py-ranometer was ealfbratad using standand Epgley 

pyranometer. ~esult8 of the a a l i b r a t i o n  reveal that 

it has a o a l b r a t i o n  cons tan t  of 0 . 8 7 m m ~ / - ~  f 1.2g ,U r 
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rnAPTrn om 

1 * 3  2-E-z-LL;J-i-X-L-G-E 

In order to ukil ixe eolar energg suceessfnlly and 

efficiently, it is neceaearg to know how much of it ie 

actually available at 3ny given location and t h e  f a u t o r a  

t h a t  i n f luence  i t a  i n t ~ n a i - t y ,  Data an solar raaiaklan 

is a l  @eat intemst  in charaeterising an area with 

r e q e a t  t a  i t a  aqricultural p o t e n t i e l ,  engimerlng 

deatgn and analgais  of s o l a r  procesaea, and in gaining 

some knowledge of the l o c a l  climate, 

To earry a u t  much IrrvsstfgatTon, it is esaentfal 

t h a t  a s i m p l e  but sensitive equipment should be csonstmcted 

preferably locally. !@I mphfs t i ca t i an  of eome imported 

equipment make3 their repair and maintenmae problematic 

and a hinderance to smooth researah work. Wareover, 

such equipment may have been deaigmtd t o  suit  p w t i c a l ~ r  

en~irunmm~La1 c o n d i t i o n s  of the home o a n n t q .  Local 

manufeature of suah equipment would el iminate  most of 

the problems. Thie project is an attempt in this direation, 

The design and assessment of the performance o f  any 

solar energy aystem require5 a kmuladge  of a a l a r  

r a d i a t i o n  gained aver a long period of time, Rowever, 

m o a t  aalar r a d i a t i o n  ststiona generally record only t o t a l  

short wave radiation data on horisontal surfaces, 

Therefore, methods have to be devised to estimate +he 

beam and diffuse components of t o t a l  r a d i a t i o n  on .. 
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a horizontal surfeoe. 

Solar radiation $a d ~ t e c t e d  by interception and 

subsequent analy~ie of t h e  effects of the interoeptions 

on a receiver, Three pasaible ways in which the solar 

r a d i a t i o n  can be seneed inoluaex 

i) By a b s o r p t i o n  and aonversion to aeneible heat, 

ii) By the effeat of a chemioal prooess,  

~ i i )  By photon m p t t w e  and eonversion to eleutsical 

power, 

From measuremanta made, empiriaa'l formulae have. 

been davelapstk over the years  to estimate the so lar  

radiat ion available ueing varians parametera, Such 

methods include the carrelatian of insolation with 

meteorolagical parametera a u n h  as Bun shine hoara, 

a i r  temperature and reL&tlva humidity+ 

1.2 THE mEFD FOR HBRLNESSINC SOLAR EBERGY 
---I----I-I-I---------Cc.---------- 

Far generations, faasil fuels auah as a a a l ,  oil 

and gas have been the only sortroes of energy mapply,  

These foes il fuel ec have af ten been abundantly avsilable 

t o  heat our homee, Fawer our autamabilea and fuel our 

industries. B u t ,  aver a period of time, the supply of 

these fossile fuela began t a  dwindle and man begen t o  

look to the stam far aslvstion. It waa also realiaed 

that those souroes of energy supply aause a lot of 



environmental p o l l u t i o n  resulting in the atmaephers bein6  

ahoked with mag,  m r  rivers an& ahoree atretaked with o i l .  

In the aaae of anelear power plants, there ia also aonoern 

over the possibility of radioaati~ity being release& into 

the atmosphere in the event of an aaaident and,  aver the 

long term, problema of disposal of radioaativa wastce from 

thane plants, Thua, there i e  a need t o  deal with both 

energy shartqee  and enairanmental pollatian in onr haman 

and euxraundinga, 

Bmeriaane ware the f i r e t  t o  discover the aee of s o l a r  

energy as one ~ t e p  toward reversing t h i s  trend, They f o m d  

that 8 l o t  of energy can be trapped from the m a n  to haat m d  

c o o l  our h o m e  thereby redaaing the growing dependenae on 

traditional energy aopraes that pollute the environment 

and areate eaalogicial prabEms, 

Today, Soientiste have reoognised Solar Energy a a  a 

vital  mhjeat  f o r  study - a fntare paesibiU.%y to rednae 

our eccrnamio problems. Solar  heating and oooling are 

faaaible taday and not at same n a b a l a n ~  f a b r a  d a t e s .  

It i e  alsarPy aeaessary t h a t  we m e t  beaame more 

attune t o  our environments part ioulsr ly  those in the 

tropical parts of the globe if we e e  to make the best use 

of solar energy, As we embark upon thia new era of solar 

~ o h i t e o t u m  we should not forget the leasons of history, 

Although many of the o l d  ways of u s f q  the enarm from the 

sun require personal attentian, they are reliable and aause 



li t t l a  harm to the ecosphere. They have withstood the 

test of t h e  throu.@l their simplicity and application 

to real h u m  needs. Only when we have made every effort 

to use the sunrs abundant energy i n  simple ways & m l d  w e  

introduce new technologies - and then only sparingly, 

patiently and carefilly . 



AR RADIATION 
L - 

1.3.1 O R I G I N  OF SOUR RADIATION 

The s ~ d  i s  the source of solar energy. Nearly all 

knohn elements are peserit in the sun, however the w i n  

constituents are  hydrogen and heliwn. These elcment~ 

const i tute  about 80 per cent and 19 per cent respectively. 

. .  . 
' 70 The sun has a mss of 1991 (k0.002) X 10 Kg and a 

The temperature of the core of t h e  sun is estimted 

to about 2 X 1 b7k whiile the outer most layer from which 

equivalent black - body termperahre of 5760°k. 

The electromagnetic energy radiated by the  sun is 

deriwed Y r o m  nuclew fusion reactions i n  the sun. There 

are tuo sets of  nuclear reactions that occur i n  the sun. These are 



the P r a t m  - Prntan a h a h  and the Carbon - Nitrogen ayela. 

The r eac t ima  involved in the proton - protan chain a r e  

1~ + 12.8 W e  Jm + 3 ~ s  - %s + 2 

In the Carban - Nitrogen ayele, the reaationa are 

The energy emitted by the sun reeults from the net mama 

change which acaompaaiee the above reaationa. 

of emrgy resulting from s net maes ahange of 

by t h e  E i m t e i n  relation, 

C is the velocity of l fgh t  in a ~ a a w m ,  It i a  estimated 

t h a t  the sun radiatee energy i n t o  apace at a ra ts  of 



approximately 4 x J 5-' . The earth interaepte only a 

small fraction of t h f s  energy, ranging from the u l t r a  v io l e t  

(nv) t o  the infra-red ( J R )  and radio spectral regime. 

09 the to ta l  energy radiated by the sun only about 1.7 X ?o'? J 

is intercepted by the  earth every second, 

aalled ex-lra terraatrid so lar  r ad i a t i on .  The extra 

terrestrial eaEax radia l icn  o o n a i s t s  of beam (or direct) 

radiatlan only* Beam radiation i e  the a a l a x  radiation flux 

or matter ing.  

In the Earth's atmosphere, the solar radiation interacts 

w i t h  the conatftuents of the atmosphere, This interadtion 

resu l t s  in a substantial modification of the in-aoming extra 

terreetrial a o h r  radiation bath in intensity m d  in apeotral 

distribution, Thr solar r a d i a t i o n  is now referred to RE 

terrestrial solar radlatian, 

Owing to the elliptiual nature of the  earth18 orbit 

around the sun, the autskista of the earthre atmosphere are 

na-k constant. The instantaneaua extra terrestrial beam 

radfatian differs from the solar uonatant by an orbital 

e c a a n t r i a i t y  factor,  e, given by 
7 

where N is the day number from Januay  I. The extra 



terre~trlal intensity on day H is the solar cons t an t  

modulated by the o r b i t a l  e m e n t r i c i t y  f a a t o r  i c e  
-)r 7 

The t o t a l  extra terreafrial solar ra&latfon remiveil  

by a horizontal surface over tine interval  t is 

generally given by 

Yo (") Cosi (t) at----- (7)  

where i i~ the so lar  inaidence  angle given by 

CQaf = Sir& Sind + GosL Cosd CasLs + Sinx  

(far a h o r i z o n t a l  surf aee) 

where L is the Lati-hde of the sits, d is the s o l a r  

declinatforr,  La i a  the hoar angle and X ia the m o l a r  

altitude, The solar deul inat ion  is defined as the 

angle at noon on the equator between the z e n i t h  and 

where R i a  the day af  the year; The hour angle is; 

obta ined  by m l t i p l y i n g  the number of hours from the 

l o c a l  solar noon bg 15', i.e 

he = 15' x NO. of hours from l aaa l  sslerr noon, 

A t  a given time, the l n s t a n t m e a a e  extra tsrrast~ial 

beem insolation on a horizontal surfaes in 

( ~ i m e  S ina  + CasL Cosd - ~aeha)---(lo) 
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The daily t n t a b  extra terreat~ial a o l m  r a d i ~ t i o n  l a  

3ind + CosL . Cosd . ~ i n h s r )  ------------- (la) 

where bar ie the sun - r i ee  hour angle. 

4 ma SnLU COHSTANT 

The r a d i a n t  power per u n i t  area perpendioal~r 

to the direction of the sun outside the carthlm 

atmosphere, but at the mean earth - sun distanae is 

essentially o o a s t ~ n t ,  T h i s  radiation intensity is 

~eferred to as the solar constant or alternafively, air 

mass zero (ANO) radiation. The acnepted value of the 

2 a a l a r  a m s t a n t  is 1353 w/m (t 1 ,&), However, more 

s saant  acasuremants auggset t h ~ t  the value of the 

2 s o l a s  cunmtant l i e s  between 1388 md  7377 W/M . T h e m  

velaas have been determined by taking a weighted 

average of meaamementa maae by equipment mounted on 

b a l l m a ,  high - a l t i t u d e  d r c r a f  t , and space uraf t a ,  

As indicated by the two ugpmmoe+ aurves; in figU~f3 1.0, 

the s p e a t r a l  distribution of AMO radiation differ8 from 

t h a t  of aa ideal black body. Thls is due t o  such effects 

as d i f f e r i n g  t r m s m i ~ e i v i t y  of the aun'e atmosphere at l  

di f f erent  wavelengths, A knowladge of the exact distri- 

bution of t h e  anarm o a n s t m t  in sunlight is impor tan t  

in molar oall vork becauee these a e l h  ~ e s p m d  differently 

t o  different wavelengths; of light;, 



F i  g. I .O SPECTRAL DISTRIBUTION OF SUIILIGHf 

S h m  are the w e s  of AM3 and AM 1.5 radiation t o g t h e r  

w i t h  the radiation distrlbutisn expected f r o m  the sun if i t 

were a black b c ~ y  a t  ~ G $ K .  



Curing the year this solar constant can very by 

I 3.474, partly due to variations i n  the eartk.l-sun distance. 

The s o l a r  c o n s h t  whose value is 1353 14 M -2 

is not  monochrmna tic; it is an i n k q a l  overall 

solar spec trm consists of the u2t~a-vioke'i region fm 

The pxk in tens i ty  of' the extra terrestrial solar radiation 

occurs in tbe v i s i b l e  region at a wavelen@b of about 

0.45~11. The spectral i r r a d i a n c e  from d i f f e r e n t  waxlength 

intervals as well as the n s e c t i x  p e r c e n t 3 ~  of the 

cxtra terres trial ~~ mdia tion are shown in table 1.0. 



Watlelength Range J T o t a l  S,wc tral . I Percentage of 
: Irradiance (IIM%-') Solar Constant  

A i 

Visible 
. . . i 

Infra - Red, 

Table 1.0 : Extra  terrestrial solar spectral . 
Irradimce for Different Wabekngth Ranges and their Respect ive 

. , 

outs ide  t h e  range 0.115 - 1000UM have been a s s m e d  negl igLble.  

A more detailed tabula t ion of the standard solar spec kum 

has been published by ~helolekara' ; The s m r y  of their pub l i ca t ion  

over the spectral d i s t r i b u t i o n  of extra  krres trial solar 

is shown below. 



Fi e 1.1 - S p c t r m  of Electmm tlc Kadia kion 
, . 

Therml rad ia t ion  w a d e n & W  rang fmm 0.2 - 1 0 0 p  

Visible Spectrm - within 0.3 - 0 . 7 v  

Ultra Violet S'pectrm; 3 barids 

Infra - Red Spec trurn: 2 bands 

The beam compnent of tk berreskial SOW radiation 

is the result of attenuation of the extra terrestrial solar 

radiation. This at termt ion is dm to absorption and scattering 

by d i f fe rent  at's713sfleri.c cons ti tuents , n;tme;ly; ozone, water -pour , 
aerosols and carbon dioxide and dust. 

The different absorbing species do cot absorb 



at the sane wavelength, nos is the aheorptian uniform across 

the ent i re  so lar  spectrum, There is almost total absorpt ion  

of aoPar energy by ozone at wa~elengtha below O a 3 U M  and by 

a u b a n  d i o x i d e  at wavelength beyond 2a52fMo As a resnlt of 

this the apeatnun of insolation received at the e e t h t a  

surfme l i e 8  practically between the limits of 0.3 and 

3*0UMm Even u i t h i n  these Z i m i t a ,  the se leo t ive  absorption 

by same of the atmaspherla constituents ( e s p e c i a l l y  water 

vapoar and carbon dioxide) drastiaally depletes the terrestrial 

beem i n m l a t i o n  a f  oertain wavelsn&ha. Far i a a t a n c e ,  a t  

a usveleng%h-af t,3&4M, the solar Irredlsnce under air aaaw 

one ( A M )  condition is only 5.7W M-%M-' when the atmos- 

phe r i c  turbidity is O.O85 5 water vapaur con t en t  is 2OX?1 

and ozone  is 3 ,4m,  

The fntra-atmoapherla ~ttenuetion of the beam solar 

rad ia t ion  is usually described quantitatively by a Beer'a 2 

l a w  model as Eb - emc& - EM --------- 
I (12)  

uhere E 
b h  is t he  beam irradiance on a terrestrial surface 

at wavelsn@h 4 , C is the attenuation coefficient an2 M 

is the air mass (defined &a +he r a t i o  of the  p a t  lengdh 

of radiat ion  through the atmaspher ~t any given angle t o  

the sea Level pakh, s t r a i g h t  through the atmosphere 

(vertically). 

The value of the a i r  mass depends on the altitude, B, 

o f  the l o c a t i o n  above s ea  level and on the solar altitude 

0 ,  and is given by ~(53~0) = M ( O ~ ~ )  ( j 3 )  



where P ( Z )  is the atmospheric p re s su re  a t  the a l t i t u d e  

Z and P (0 )  is  the preesure a t  sea level,  and M(0 ,Q) is 

&the air mass at sea lew1 given by 

The a t t e n u a t i o n  conefficient,  C includes Rayleim a t t e n u a t i o n  

coefflciwt C, (which accounts for Rayleigh Sca t t e r i n  &I, 
omne absorption coefficient C2, and abso rp t ion  coef f i c ien t  

C due ta atmospheric t u r b i d i t y  and aerosols, this is given 3 
by 

pwponent, l a r s  mLues o f  and small values of U c h a r a c t e r i s e  

h i m l y  turbid (pa l lu ted  ) a t r a sphe re .  

The p r e d i c o m i m t  role played by water vapur i n  the 

absorp t ion  o f  s o l a r  radiation is emphasised by hjumdar e t  a1  3 

in t he i s  model for the  direct solar radia tian. It is demon- 

s t r a t ed  i n  thier work t h a t  the man absorp t ion  by water vapaur 

content ,  W over a complete band varies near ly  as (bljQg5. In  

'chis m d e l  the direct; solar radiation E is gtven by 

E . ~~t~ (bj Lwm.1 (16) 

where Ee is the effective radiation inlenslty above the  tm 

psphere  (which is a few per cent lm than the solar constant.), 
t is t h e  Wnsmis.sion coefficient due to the c o n s t i t u e n t s  o f  

the lower atmosphere o t h e r  than mter vapour , tw is the 

tratlsmis=;ion c o e f f i c i e n t  af  water mpur, m is the  absolute 

air mass (equation 9 )  and b'+ is the relative air mass 



The instantafieous monochmmatic beam solar radiation 

defined i n  equation(7) may a& be expressed i n  terms of 

the mnochromtic direct trammi ttance, t (defined as the 

ratio of terrestrial beam radiation to extra terrestrial 

beam r ad i a t i on ) ,  v i z :  

The tranznittance consis ts  of the absorption transmittance 

tab, and Ule scattering transmittance, tgmt. These a re  

related in the following way: 

Two types of scattering may f'urther be distinguished. These 

are Raylei* scatbrine; due to small air mlccules and scattering 

4 due to aerosols. King and Buckius expressed the  s ca t t e r ing  of a 

mnochmmtic s o l a r  radiation of wavelength due to -11 air 

molecules ( i .e Raylei scattering) as 

The aerosol scattering depends on the ahospheric t w b l d i  ty and 

on the air m a s s  and i3 given by 

where pis the  turbidity coefficient, its value depends on the 

concentration of aerosols and dust in the atmosphere. bmay be 

evaluakd frvh.n the v i s i b i l i t y  X,using the equation 



u f a  a factor vhiah depends on the s i z e  m d  dietribation 

where A is the band abeargtanae of the j th  absorption band, 

d i a  t h e  mat te r ing  aoaffioient, s is the absorption 

aoeffiuient H is the altitude and E is the inatmtaneoue 

uavslsngth, A* 
5 LIOU and EASAMORI have defined the band abearptsnce in 

terms of preaipitable w a k e  rapom hefghf; h and mean 

-3 

where k k m d  k are con at ant^, 
3' 4 5 

An approximate msthad has been given by king and 

6 Backiua in terms of measurable atmaspherio pmamederar 

Ahothar model for the c a l e a h t i o n  of ~tmoaphexia 

transmittame which inaludee the effeeta of water vapour 

7 and ather p a r t i a l a s  in the atmosphere is given by Hotte l  . 
n # e  model i a  defined in terms of eome parametere (ao, a* and k) 

where 8 is the solar altitude. 



From the f o r e g c t f ~ ,  if the relevaat metemrolagfaal data 

u e  availabLs t ran ami t tace  and heme the Intensity of *he 

r a d i a t i o n  a m  a h a  be meamred exparinentdly by means of 

pyrheliometer, However, if the data available are for 

rcadinga),  t h e  beam radia t ion can s t i l l  be evaluated using 

methods of aorrelatloa, The model davdoped  by B m s  eZ d 8  

aarrelates the haurlg barn radiation to the h o ~ l y  extra 

where kq is the hourly ulearness index definsd as the r a t i o  

of t o t a l  terrestrial, h~rixontal radiation Eh t o  extra 

A s i m i l a r  correhtioa msthnd is ale0 available for calculating 

the d a i l y  terreetrkal beam radiation. T h i a  model was 

9 d e v e l o p ~ d  by Collarea - Pereira and Rabl . In this model 

the dai ly  terreatrfal beam radiation is given by 

Where rT l a  t h e  dai ly  alearneas index defined 8s t h e  ratio 

of the daily global horizontal i n e o l a t i o n  reaahing the earkh 

to t he  daily e x k a  terr~strial horizantal  radiation. In 
- 

equation (21) Eb,h i e  the daily terrestrial beam r a d i a t i o n  an 



a h o r i z o n t a l  surface and E is the extra terre~trial h 

aaily r a d i a t i o n  received by an extra t e r res t r i a l  

harf z m t a l  a u r f  ace, 

EFFECT QF CLQmIME35S CiR BEAT¶ IB30LATIOlT 

For alaudy sky the beam insolation is refiuued by 

an amount which depends on the degree of cloudiness of 

the sky, one way of sef le t l t ing  the effeot ,  of cloud on 

the beam radiat ion  is by introduoing a f a o t o r  a a l l e d  the 

relative tmnshine defined as - a 
5 

where S is the m a x i m u m  sunuhine duratlon and s is the 

w?tud daily sunahfne duratian, The beam radiation for 

a cloudy day is then  given by 

where Ec i a  the d a i l y  beam radiation under c l a m  sky 

cond i t i on  and K is the cloudiness coefficient which, 

f r o m  the work of Barbara e t  a l l o  has a v d u a  of unity. 

1.3.7 DIFlTSE SOLAR RADIATIOB 

The diffuse s o l a r  sakistion f a l l s  on a terrestrial 

surface from all direction6 and a t  no f ixed incidence -la. 

~t is due to m a t t e r i n g  of solar radiation in the atmos- 

phere. a he fraation of di f fuse  radiation in the global 

radiat ion depends on the s t a t e  of cloudiness of the sky. 



par  a c l e a r  sky oondition, it accounts far a a m a l l  

percentage while for a completely cloudy sky, it is 

t h e  on ly  radiatian received at the earth's aurface, 

p3sriah1' haa propose& t h a t  in t he  absence of 

clouds, the instantaneous diffuse radiation, J may 

be expressed as a f r ac t i on  of the con t r ibu t i cn  of 

soattering t o  the airsot radiation, thus 

- Ff E.aat. = fltsoet + E* ------- ( 2s)  

where $ is a funut ion of t he  s o l e r  zen i th  angle 0 ,  

& 
and is given by $ = 0+5 CasdB 

far albedo (surf ace re f l ea t iv i ty )  near 0 +  25, 

For a olauay sky, the dally di f fuse  e o l a r  radfation 

may be obtained using the exprsealon 

B B 
R, = ($ Ec + f (1  - -) S ( E ~  - E~)------ (2? )  

where Eo is the diffuse solar radiation under c l e a ~  

s k y  oondition, f ia an empir ical  transmission c o e f f i c i e n t  

whose value depend# on latitude and Ed f a  the a l e a r  sky 

b e m  radia t ion,  In our Incal environment, there are two 

main eeaaona in the year; these are the  w e t  ( m i n y )  mason 

nmbm of sunshine hama on a gfven d a y  is uaually small, 

This m e m a  t h e  sky ia cloa6y mast OF the time. The 

terrestrial I n s o l a t f a n  in t h i s  s e a a m  contains  R large 

propaxtian o f  d i f f u s e  radiation. 



The h a m a t t a n  months a re  nheracteriaed by hazy 

atmosphere+ In a recent work, AWA'CHIE an& O R W  
12 

observed that  daring these months, the mean clearness 

index in Enum is nanally aa low at3 0.36, Phis means- 

that dust haze in the atmosphere causes overeast weather 

LID and J O B D A ~ ~  have shown t h a t  the  r a t i o  of diffuse 

radiation to g l a b a l  radiation (known as the diffuse 

r a t i o )  l a  aorrelated t o  the clearnese index, This 

Carre la t ion  is aypl ieable  t o  bath d a i l y  and monthly 

insolation. palloving t h i s  lnderiah and F ~ m i r o ' ~  o a t  ainea 

the fellowing aarrelatlon equation far She bai l$  diffuse 

r a t i o  for Ibadan ( l a t  7.43%, Long. 3.9%) 

The diffuse component of the terrestrial i n s o l a t i o n  

Plays an importmt p a r t  in the parformanae of s o l a r  oel ls ,  

nmeriaal computations and d i f f e r e n t  atmaspherio madela to 

study the ae r fomanas  o f  e a l s r   cell^. Their study shavm 

t h a t  the c o n t r i b u t i o n  t o  the photocurrent due to the diffu~e- 
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of the a?x.tcqherda model, It s l s o  ahowe t h a t  f a r  a given 

atmospherfo mocte1, the oontrlbutfon to the photocurrent 

due to d i f f u e s  insolation inoreases s a P i d l y  when the solar 

zen i th  angle e x e e a d ~  60'. For inetanae,  for en atmospheric 

model w i t h  atratas d m d  layer, more t h an  99,9 percent 0% 

the photaaarrent generated is dne t o  diffuse aky inenlatfon 

when the salsr  !zenith am&e is greater than 60'. This 

abeervatfan is s i g n i f i a m t  in  valuating the performanoa 

nf a e d a r  oeLI m&er loas1 envkromental aonditfans, For 

an envirament tha t  is characterized by high atrnospheria 

tubid i ty ,  it is a l e -  t h a t  an appraiable amount of the 

pMo current will ba due t o  the t i i f f n e e  tmmpanent of the. 

eslar radiation, A l s o  the e e a ~ ~ n a l  variation of the 

atmospheric tu~biditg in a given environment w i l l  result  

in a ra#urml vmia-kfon in the relative Importmae of 

hi f fuae  sky rad ia t ion  in the  pcrfmmmae o f  a so lar  ocll, 



In asmseing the a n i h b i l i t y  of s o l o  energy arriving 

an the earth, measurement of solar radiat ion  at same L ~ a s t i ~ n s  

is eseantial. Porn  the measurements, empirical  models a r e  

developed to prediat the availability of mlar energy at 

other luoat ions,  The three pr ina ipa l  t m l a  r a d i a t i o n  

fIarea arriving on t h e  ear th  a r e  direut, global  and diffuse 

radis t iona  and the i n t m e n t e  aasoaiated with rneasnring these 

t h e e  p r l n a i p s l  s o l a r  fluxes are diecuseed in this chapter, 

There are various +es of s a h r  radiatdon measuring 

i n a t m e n t n ,  and mer yearn aoasiderabla c m f u s i a n  in *he 

t s rmi~ahgy  applied t o  thww f n a t m e n t s  ham been built up, 

with a given type of i n e t m e n t  being designated by different 

nmea a d  the same name being applied t o  different types of 

lna tmments ,  For instanue an instrument measuring the t o t d  

heaiapheriaal flm of sol- rad ia t ion  haa been v a r i o u s l y  

ca l led  8 Pyrheliomstsr, pyranometer, salarimeter, aat ianopsph 

and m n  ehine reneiver or reoorder, To eliminate confusion 

in the teminalagy of solar radiometry, the International 

Fadiatlon Cmferenae, meetlng at Davoa, Swftaerl~nd, in 1956, 

agreed lspon the f oll~uf ng def i a i t i o n a r  



5 )  A p y ~ h d i a m t e r  is an instrument for me~suring t h e  

Intensity of 5ireat s o l a r  radiation at normal 

il) A ~yranametes is an i n a t n m e n t  far measuring t h e  

aolar radiateon received fram the en t i r e  hemisphere 

of the sky ( i n a h d i n g  both direat and diffuse 

insolation). 

iii) A pyregeometer is an ias-trument f a r  meaaurin~ the net 

atmoapheria radiation on a horizontal upward - fasing 
blaak stmfaoe at t h e  ambient air temperahre, - .c 

r fr) A p p a d i o r n e t e r  is an instrument for measuring bath 

6 wr t) A net  F'pzadiome-ker is an instrument f m  masarfng 

F t h e  ne t  flux of down ward and npvard total (solar,  
5 

terrestrial Burface and ahoapheria) radiat ion 

through a horizontal snrfaoe, 

Many of the mlar radiometere which are in u a e  

today m s  designated by the names of the individual8 

who invented or perfaate8 them, or the  cornpanfee 



The hea r t  o f  a radiometer (i.e an in~trnment t h a t  

measurea r a d i s n t  ensrm whethcr from t h e  sun or from any 

other source) is its s e n s o r ,  a130 called detector. 

D e t e c t o r s  o f  t h e  v a r i o u s  instruments can be classifled 

as C a l o r i m e t r i c ,  therrno mechan ica l ,  themno ~ l p c t r i c ,  or 

p h o t o  e l e c t r i c .  



$ t h e m a  electric dev ice  cpnsiats a f  t w o  d i s s i m i l a r  

metalliu  wire^ with their  end^ connected. An eleatromotiae 

force (emf) f e  davelopsd when the two jurrc-kions are at 

different temperaturae, The emf developed i a  pragortional 

t o  t h e  ternpcratura difference and depends on the material 

of the two meta ls .  E2ample for low - temperature applioatioas 
a palr of Dapper - Constantan is a popular cemblnati~n, 

The temperature of the sensor ahangea with the i n t e n s i t y  of 

solar radiation f a l l i n g  o n  it. The change in temperature is 

detected by meana of R thermopile or a bimeta l l i c  strip. 

When a thermopile is used ( as  in the standard Eppley  

pyranometer), one sat of junatian~ i e  in thermal contact w i t h  

a blankened surface ~ ~ l d  acts as the hot j umt ion .  The o t h e r  

set  of jnnatione is terminated a t  a highly refleotive (shiny) 

-fane. Since maet of the photona i n o f d e n t  on this surface 

are reflected, the p e t  of thermmnfla junctions in oontaat 

with it is alwaye at a lower t m t p e ~ ~ t u r e  than the s e t  at the 

b l m k  surfaae. AB a rsault of t h e  temperature difference 

eloatrbc ourrent flows In the thermopile due to the well-known 

see  back efFeot. The ternparatme cllfference, and heme the 

thermo e l m t r i o  a m m t  between t h e  junction is m inoreaning 

f u n a t i o n  of i n t e n s i t y  of aolar  r ad ia t ion .  Tha current is 

deteated  by means of a galvsnometer which is graduated to scad 

the intensity of ineolation+ 



Them0 e l e e t r i o  sensors are sf V ~ ~ ~ O U B  arrangamsnta, 

but in a number of ~ o l a r  r a d i a t i o n  maerrring instruments 

the thermopile is arranged in a s t a r  - shaped f l a t  ~ r f d .  



In phato eleotric aenaors, the r ~ d i a t i m  sensor is a 

photo  cell and the photon energy is conver ted t o  e l e a t r f c a l  

energy by photo  v o l t r i a  prmem. The photo - generated 

aur ran t ,  which increasee w i t h  i n t e n s i t y  of so lar  radiation, 

is meaaured by meana of a galvanometer which is calibrated 

to read the intensity of s o l a r  r ad ia t ion .  

The disadvantage of th ia  type of Qensor is t h ~ t  t h e  

pho to  cell does not yespond to the e n t i r e  solar radiation 

spectram because of the  energy band g a p  requirement of the 

semi oonductor. 

Pig 2.2 Semi Conductor p - n junction ( ~ h c j t a  e l e c t r i c  s e n ~ o ~ )  
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2 .2 .3  'I'HERMO KECEANICAL SEYSORS 

In the iaatrments baaed on the fhermomeohanieal 

principle, t h e  ~ u h r  radiation f a l l s  an a blackened 

bimetallic a t r i p .  One end of the a t r i p  i a  f i xed  whi le  

the o t h e r  free end is aoupled t o  t h e  pen of an automatic 

p l o t t e r  via a ayatem of levers, The fluttuation in 

5 n s n l a t i o n  cauaaa the temperature of the b i m e t a l l i c  

strip to vary+ The curratare of t h e  s t r i p  therefore 

changes with insolation; t h i a  variation in curvature is 

observed as a to-and-fro movement o f  the free and of  the 

s t r i p .   his movement is transmitted to and magnified by 

the l ever  a r p a n p m m t ,   he v s r i a t f ~ n  of the instantaneous 

 he advantage of the thermo mechanical aensor is t h a t  

it responds t o  a l l  wavelengths of the solar radiation 

a p e c t n m .  However its: acouracy i n  the long rw may bc 

sffrcted by the deterioration of t h e  black  surface. 



2.2.4 CALORXKETRIC SEBSORS 

In the calorlmetria instruments, the s o l a r  r a d i a t i o n  

f a l l s  an a high-c~nductivity metal ooated w l t h  a am- 

seleat-ive b h o k  p a i n t  of high abaorptance. The rad ian t  

enerRy i e  then converted to heat and can be measured by 

v a r t o u s  meas as follawar 

(i) A, flowing fluid can be used to carry away-the hea t  

whose change of enthalpy is measured. The change 

of en tha lpy  then gives the i n c i d e n t  rsdiant f l u ,  

( i f )  T h e  heat gives rise t o  a ahange i n  the enlhalpy 

of the absorbing metal (sensor), T h i s  h c r e ~ - -  

of enthalpy (or incre~ee in temperature) can be 

e a s i l y  measured, 

( i i i ) ~ n  the modern c a v i t y  - type  inatrrumenta, the 

temperature difference acmes a transducer is 

maintained c a n s t a n t  by additional electrical heating 

required between sh ie lded  and exposed phasea. The 

i r r ad iance  is then p r o p o r t i o n a l  t o  t h e  difference 

in c a v i t y  e l e c t r i c a l  heating in t h e  two phases. 



2.2.5 BClLISrnTrnS 

 his 5 s  one of the most sensidive of r a d i a t i o n  

detectors of the non selective type, ~ a n g l e y  (1900) 
16 

c l a i m ~ d  t h a t  it could register a temperatura chmge  of 

0.000C~0001 'C although t h i n  h a s  n o t  ye t  been cosf irmed. 

~ t s  o p e r a t i o n  is b a ~ e d  on the change of resistanoe of 

a metal on semiaonductor  w i t h  temperature. see f i g  

2.3. ~ k e  two r e a i a t m c e  elements A an& B constitute 

two arms of a whealstone br idge .  If element A is 

expoaed to r a d i a t i o n  while is ~ h a d e d ,  the relative 

temperature d i f f e r e n c e  which is generated between them 

results in an imbalance of t he  bridge.  gy p r o p e r  

aalibration, t h e  amount of imbalance may ba i n t e r p r e t e d  

in terms of the  flux of radiant energy i nc iden t  on the 

expoaed element. 





2 .3  1 ITlmQDnCTION 

The first qnantftative attempts to meaeure the 

intensity of the direct solar bean  were begun in F r a m e  

by pouillett7 in 1838. Re coined the word rrpyrheliomefern 

from the ~ r e ~ k  words for f ive,  ~ u n  and rneaflurement. R i s  

word haa now bean assigned t o  the instrmaenl which 

meaaures only the direut rays f r o a  the so lar  dink by 

using a col l imet inf l  tube t o  restrict t h e  angular ~cceptance 

of t h e  i n s t r m e n t  t o  approxinately 5.7 degraas, 

In a nnrsber of applicat ions,  the d i r e a t  solar beam 

is of overwhelming impostanaer The direat solar beam 

is b e a t  measured by a normal incidanae pyrheliometer 

mounted on a solar t racker,  This  instrumentation is 

designed f o r  the continuous measurmsnt of d i rect  solar  

energy plus a v e q  small m o u n t  of s k y  included in the 

f i e l d  of view of t h e  instrumentt The pyrhaliometer always 

faoes the sun, and the oheervations made with  i t  i s  ae l l ed  

normal inc idence  i n s o l a t i a n  meaaures. This is the main 

advantage of this instrument. 

The maJor problem with t h i s  instrument is tho 

technical demand in inoorporating the cloak drive t o  enable 

t h e  fnatrument track the sun, The d a i l y  drive has t o  be 

checked, m d  the i n a t w e n t  adjuated t o  accmmodsia  seastanal 

ehanges in solar declination. 
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2rnj.2 TYPES OF PYRHEGPDKf3TEB5 

A Large number of ikeuices f o r  meaauxing the 

d i r e c t  radiation from t h e  sun h a m  been developed o v m  

the l a e t  350 yema or so,  of which only a feu are still 

in use, Same of the most interesting of the hiatori~al 

 instrument^ are briefly discussed below. 

2.3.2.1 DORNOrS PYRHELIOKETE3 - PHYRELICGRAPH 

one a f  t h e  many devioes for measuring radiation 

which have been developed by the Davos physical 

#eLeorologlcd ~b~ervantian w a s  the pyrheliometer of 

C. Barno (7922). see fig. 2.4. A blackened thermopile 

con~iating of 18 copper - c o n a t a n t a n  thermo elements 

was placed in the cent re  of B o y l f n d h o e l  oavity 8mm 

in diameter and 2 4 m  in length recessed i n t o  a massive 

3-kg cylinder of copper, As i n  the Marvin and ~ i c h e l s o n  

pyrheliomaters, the capper provfded a large heat capacity 

which maintained an even temperature of the i n s i d e  cavity 

and decrea~ed parturbations f r o m  t h e  environment, The 

ual le  of the oavity in frant o f  the thempile uera 

polished t o  ref leat  stray radiat ion t o  the blackened 

thermopile surfaoe, whi le  the rear p o r t i o n  of the uarvity 

was itself blackened to absorb r a d i a t i o n  which by-pa8~ed 

the thermopile, Radiation entered t he  instrument through 

a quartz  l e n s  o f  20mm i n  diameter and 8 6 m  in foaal length .  

The receiving surfaoe of the thermopile was 2,8m behind 
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the foca l  point o f  the l ens ,  By use of exchangeable 

diaphragms at the f o c a l  plane three d i f f e r en t  aaoeptwme 

apertures oould be obtainen. The amalleat of theae wea 

only about  three quarters of a degree in angular 

dimeter which means t h a t  on ly  aboat 8 are rnlnutea of 

elcy around the edge of the aolax disk wzs seen by the 

inatrunrent. The other two diaphragm gave angular 

aperturss of abont f .lo and 2.1~. Even the largest o f  

t h e m  apertures is mnch smaller than the  apertures of 

the moat popular pyrheliometers in present use - gbbot 
0 s i l v e r  disk and EppLey. 5.7 Cone, ~ i p p  and zonenit 

10.2' Cone, ~3lgEltrorn~ 3 x 6' t o  6 x 24' rectangle, ~ h u s  

measurements from the norno instruntsat would be less 

eubject t o  errors arising frumscattered light in the 

c i r c u s o l a z  zone of the sky, but high - precis ion tracking 

of the sun vss require&, 

~ l t h a u g h  the D o r m  pyrhelf o m e t ~ r  appears to have 

incarporated aome superior f e a t u r e s ,  it was never widely 

acaepted and it hae been oompletaly superseded by other 

types of instmments, 





2‘9.2.2 VIOLLE s PYRRELICJMETES ( A C T X N ~ T E R )  

T h l a  Snstruumant consisted of a thermometer b d b  

mounted in the centre of a double-walled sphere, the 

ep soe between t h e  walls being f i l l e d  w i t h  a constant 

temperature ice water bath. The thermometer bulb  was 

~ h a d e d  or exposed to the solar beam by the o p e r a t i o n  of 

a shutter which clnsed or opened the instrument aperture, 

f n  operation, the shutter was closed until an equi l ibr ium 

te rnyera twe  uaa obtained.  Then the shutter was opened and 

the ra te  of rise of temperahre measured. By knowing 

the heat  capaoity of t h e  ternometer bulb, the rats of 

enerpj absorption could h e  computed. 
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2*3+" .3  k 4 R V I N  YYRIIEL IIS?fEFm 

The de~ign a f  the ~ a r v i n  p p h e l i o m e t e r  fa in many 

respect8 n i m i l a r  to t h a t  of the ~mithaonia ~ b b o t  s i lver-  

d i ~ k  pyrheliametar. The sensing element in b o t h  oaaes 

is a blackened s i l v e r  disk and the  method o f  rpezatimn 

i s  easentially the same. The main difference between 

the twa is t h a t  t h e  mercury thernameter of the Smithsonian 

inatrurnenf is replaced in the marvin pyrheliometer by 

a r e s i a t a n o e  wire f o r  temperature sensing, 

The configura4Aon of t h e  flarvin pyrheliometer aan 

be seen from the picture o f  fig. 2,5* The eeminq  

element wzs a d i s k  of blackenad silver 4,50111 in diameter 

and O.30m in thiaknese, which is suspended by three f i ne  

wires in a metal s u p p o r t  encased in the spherical wooden 

a h e l l  whiah formed t h ~  base  of the instrument. The woo8 

of t h e  s h e l l  protected the dFek fxam s h o r t  period c h a s e s  

of the ambient  environemnt, R a d i a t i o n  was admittea to t h e  

instrument t h r n w h  a oollimator tube f i t t e d  w i t h  o p t i u a l  

d i a p h r w e ,  m d  blackened inside, and the  instrument was 

poiated at the sun by a clock-driven equatorial mount. 

An electrically operated shutter mounted in front o f  the 

entrance aperture aaused al ternate  I-mm i n k s r v d s  of 

shading exposure of t h e  blaokaned surface of the disk,  

The Marvin instrument i s  f i n v  c o m p l e t d y  obsolete. See 

f i g ,  2.5. 



. , 

Fie .  2 -5 The Marvin pyr)lc!ion e t e r  (far right ) with various ncres?;ories used in ' ,  . . 

muring the flus or direct s o h r  rab ation (nfter Covert, 192.5). 



2.3.2.4 BERSCHEL'S P ~ I O ~ I E T E R  (ACTIEDMETER~ 

~erschelsgs ~ctionometer developed about 1825, 

was one of the first instruments used for measuring the 

heat in^ effect of direot solar radiation and it was the 

first in which the rate of coding was introduced into 

solar radiation measurement. This instrument consisted 

of a thermometer with a large cylindrical glass bulb 
c 

filled with a liquid which was coloured deep blue to 

promote absorption of solar radiation. In operation, 

the thermometer bulb was shaded from direct aunlight for 

1 minute, then exposed for 1 minute, and again shaded 

1 minute. The thermometer readings obtained during 

this three - stage circle could, on calibration by a 

known ener&T source, be interpreted in terms of the 

direct solar energy on the instrument. The method of 

making radiation detesminations by alternately shading 

and exposing the sensor was adopted in many of the later 

instrument. 



2.7.2.5 B - A C T I N ~ T E R )  

The p ~ ' - - + n ' -  fh;a +nRtrm.ent  is t h e  sane as 

that of H e r !  r, but it was m a b  l i g h t e r  

and more  st,^ --, - - - -- - --- -e mountains. ~t h ~ d  2.5crn 

dizmeter  

aniline b 

Thi 

metal  t u b  

the ends 

glass, The stam of t h e  tbrmometer p r o  j e ~ t c d  tbroueh a 

h o l e  in the w a l l  o f  t h e  tube* 4 s  w i t h   erah hells 

actinometer, the reading of the thermometer after a 

series of alternate intervals o f  shading and exnnsilre of 

the bulb ,  was used ( a f t e r  c a l i b r a t i o n )  to d e t e r '  

flux of solar radiation, 



2 . 3 . 2 . 6  POU ILLES S PYII.HELIOKETZR 

 he f i r s t  succesEful r e sea rah  on the s o l a r  

constant appears  to h ~ V e  been t h a t  o f  pouiilet 
18 

receiver was a f l a t  c y l i n d r i c a l  vessel whiah was f i g l e d  

w i t h  water (mercury at a l a t e r  stage), and act as a 

calirmetar,  he exposed feoe of the cylinder was 

blaakenod t o  pravide an absorbent surfaoe, while the 

o t h e r  surfaoe o f  t h e  cy l inder  w a s  s i l v e r e d  t o  decrease 

r a d i a t i v e  exchange, A thermometer b u l b  was ~ a a l e d  i n t n  

t h e  liquid of fhe a y l i n d s r ,  and the stem o f  the ' . 1 

thermometer extended along the axis ,  ~ o t a t i o n  of the 

cylinder around the axis mixed t he  l i q u i d  to provide more 

representative temperature measurements, 

In operation, the blackened fam o f  the  r e c e i v e r  

uae d f r e c t e d  to a p a r t  of  the  sky, away from the Hun f o r  

a p e r i o d  of 5 minutes, and the f a l l  of temperature uas 

noted, ~ u r i n ~  the next 5 minutes tine blaok surf m e  wae 

exposed normally to the solar beam, and t h e  r i s e  of 

temperature noted,  Finally,  t h e  reuei~ing surface was 

again directed away from the sun for 5 minutes and the 

fall of tcmperatwre waa noted. Pram a knowledge of the 

hea t  capacity of the calorimeter, the total  heat  received 

p e r  ~ m i t  mrfsae and u n i t  t ime could be computed. pooillet19 

obtained a value (1.7 a a l  cm-2nin-1) of the s a l a r  constant 

which was w i t h i n  14% of our present most general ly accepted 
-1 value ( 1 .?4 eal em-'nin ) . 



There are aan:r types of commercially available 

pyrheliometer, These am classified by %he commissim f o r  

instruments and Nethods of Observation of t he  World 

Mcteorolcrglcal Organisation (WK(J) in 1965 &a standard, 

ffret class and second class, in aceordanoe with the criteria 

given in Table 2,f4 

TABLE 2.1 

CLASSIFICATION OF PYRHXLIOIWTEELS 

t o  change8 of ambient 
temperature 5 )  

non-linsavity no t  accounted + 0.50 1 21 ,OO 1 22.00 
far Fj-) 

Some ~ v a i l a b l e  Pyrhelianeters axe deecribed below as 

typlaal. examplea a f  standard or f i r s t  e lass  o r  smund class 

pyrhel!<cmeter, 



Tb i 3 

t h e  moat ; 

measuring 

onated an one a i d e  with  parsonfs o p t i a a l  black lacquer, 

The strips are mounted side b y  s i d e  across the o p e n i r ~  o f  

the s t r i p  h o l d e r  as shown in f f ~ z x e  2.5. A t h r - m o  junction 

is attached to the  back side of each s t r i p ,  and electrical 

I s a d s  from t h e  s t r i p s  and t h e  thermo j t m c t i o n s  are attached 

t n  external bindin8 ~ o s t a  on t h e  base o f  the ho lde r ,  The 

ho lde r  is mounted at t h e  base of a cylindrical metal t u b e  T 

(shown in fke 2.6) which is i t s e l f  a t t a c h e d  to an azimuth - 
elevation mechamlam by which the t u b e  can be directed at the  s u n  

A re~eraible shutter a t  t h e  front end o f  t he  tube permits 

one nf the  s t r i p s  ta be shaded from the sun, while +he o t h e r  

is expoeed to the d i r e c t  solar radiation. 

In opera t ion ,  the  s h a d e d  s t r i p  is heafef i  by R n  e l e c t r i a  

currant to the aame temperature an t h a t  of the cxpoaed s t r i p ,  

at which time the r a t e  of energy absorption by the expssefi 

~triy f s  t h e m o - c l e e t r i c s l l y  cornpermated by the ra te  of 

enerKr supplied electriaally to the shaded atrip. Equivalent 

t m p e r a t u r e  of t h e  & r i p s  is determined by the thermo junctiana 

a t t ached  to t h e i r  reverse s i d e s ,  being connected in oppos i t i on  

t h r o u ~ h  a ~ensitive null detector, 



With r e ~ a r d a  $0 t h e  construction of t h ~  instrument,  

mast of the earlier models suffered from the  so - calLe8. 

Redm e f f e c t n r  eauaed by t h ~  p x ~ ~ s e d  strip be in^ shaded at 

the ends by the  innermsst diaphragm while the shaden an8 

a l s s t r i o a l l y  heated strip has the  same ternperatwe over its 

whole length, It is estim~ted t h a t  t h i s  lntroduoed an e r r o r  

of the order of - 2,€$, In recent deaigna, thin effect is 

la~gely eliminated through arranging for the ~creening t o  

occur exactly a t  the terminations of the s t r i p .  Other  

possible sources af  errar arise from the inability to heat 

the shaded strig in the same aanner as the exposed one, and 

from differences in the thermal candnat~nce of t h e  strip 

blackcnlw. Pinslly, a m d l  o p t i a a l  ef fec t s  msg be introduced 

w i t h i n  the diaphram aystem of the pyrheliameter tube and 

behind the  strip^. 

Althaugk the Anestrom inetrwnent is normally cal ibrate& 

aga ins t  B Wimary etandard, it baa tha uapahiI i ty  in i t a e l f  

of a b a o l u t e  enerar  determination. It is rated as a standard 

3 n s t m e n t  by the World Wetcurologieal Organisation (wo), 



Fie.  ? .6 The bace ol the r\n F!rijm electrical eon~pensation pj-rheliometer showitig 
* blnrkened receiving s t r ip  (af .er I<. .\nF?rdm, 1899). 

.L r.' 
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	 he f i e l d  of view of the instrument is l i m i t e d  (by approp-iate 

d i a p h r ~ p s  Ineide the collimator tube) to a c i r c u l a r  cone  

0 
of hole aperture angle of 5.7 . The khermameter stem i~ bent 

e a s i e r  to u ~ e ,  It is graduated i n  tenths of degree ce ls iua  

0 
from - 15 to 5 # ~ ,  and t h e  r e a d i r g s  are made to hundred d hs 
of a degree, 1 

d three - wafer ahuttar of palisheft metsl p l a t e s  is 

r o t a t e d  in ~ n d  out o f  the f i e l d  of view to alternately shade 

and expose the ~ i l v e r  d i s k  to aalar r a d i e t i o n  in a specified 

and aarefully tfmed Requence. After the temperature readings 

obtained during the sequenas are aonneated f o r  air, stem an& 

bul b  temperatnrea, the f ina l  values of energy f l u  are 

obtained by multiplying the corrected temperature difference 

by a c a l i b r a t i o n  Cnnatant for the particular i n a t m e n t  be in^ 

used. 

The instrument is r ~ t e d  as a gtandard instrument by the 

World Me t e o r o l o g i e a l  Organiaation (WNO) , 





Fig. 2.9 . . P h t o  o f  I h c  si!vt.rdiA pjrheliontettr wiCh n section v n r o v d  l u  revcul . 
t h ~  d l  er d ~ > k  and i n s c ~ l d  Ihcfo~orn~:!er (courlhy 'ur the Sn~ith%nrr;nr> ~ n ~ r l r u h r ~ ] .  



2rnTm?*? EPPLET NO3YJ-L IYCIDEPCR ?YRR3LIOmTER 

This insi I ,  haa a sensitive 

~ l e m e n t  a f  a 1 p l a t e d  (copper-  

c a n s t a n t a n )  multijunction thermopile w i t h  a yam diameter 

receiver onated w i t h  paraonfs o p t i c a l  b l a c k  Lacquer. 

temperature compensa t inq  circuit to stabilize s m s o r  

response is i nmr?ora ted  in the heat  s ink o f  the 

t h e r m ? i l e .  Ths nnit is mounted at t h e  b a ~ e  of a double- 

walled brass tube uhfch is chrorned externally and blackened 

internally. A series of diaphragms limits the aperture 

to a circular cane o f  full angle 5.7'. The inner-most 

bia2hram screenn a 1m mulus  of the receiver at its 

e d p ;  this reduc 

trackin[;. The a 

walled cover significantly Increases lnszrument  B t a t I l L l t y  

especially in windy conditions, The i n t e r i o r  of the 

s p t m  is f i l l e d  with dry zir zt a tmospher ic  pressure, 

and the vl~xiny end is s e a l e d  by a removable i n s e r t  

carrying a crystal quartz window of 1mm thickness. Twa 

f l a n ~ e s ,  one at eaah end o f  the pgrheliometer tube are 

provided with alghting devices to allow the inatrument 

tc be oriented towards the sun. A normally ratable d i s k ,  

which can accommodate  t h r a a  f i l t e r s  and lezve one aperture 

f o r  t o t a l  spectrum measuremmts is provided - see fig. 2.10. 



The s e n s i t i v i t y  of t h e  instrument is 5 - 6 
w i t h  an impedenee of 2 0 0 a  approximately. It he- , 

CJ 
t e r n p e r ~ t u r e  dspenderce nf - + I $  over a rnnp of - JO to 4 0 ' ~  

~ n d  a l i n e a r i t y  of roapanss which  i a  l i n e a r  up to 4Cs1 ~~-'min-' 

I t s  rarqmmc is su i table  f o r  remote recording and t h e  Cage 

is weather proofed f a r  a o n t i n u o u s  operation in an exposed 

locatian, In  p r a a t i c e ,  %he ins t rument  i a  n a m a l l y  ~ t t a c h e f i  

t o  an ~ l e c - t r i o a l l y  driven equatorial mount far solar traeklnK 

md the output signal is either recorded d i r e c t l y  on z  trip - 
chart Reaosder or  i ~ t e p a t e d  over an appropriate tirn~ period 

and registered. 

By o a a a s l a n ~ l  x~-s-'kandardization, the instrument na.k~ be 

ueed as a e a c o n d a q  e t anda r f l  f o r  c a l i b r a t i n g  o t h e r  

pyrhel iometers .  





Th 

at about the same Time as t h ~  Abbot-S l lver  d i sk  Wrhellnmeter, 

It is in r e a l i t y ,  

In prindiyle, 

Lo the f r e e  end of 

blaakened lamina S , ,,A,, ,,, UJ U A L G  a~~~~ WCCUJI  A) U U U ~ I V W U  

through a relatively low power mi~roscope M+ The a p e r t w e  

0 o f  the instrument ha9 sngles of approzinate17 5 and 13'. 

~t is of r e a s o n e b l y  rapid sefpenae ( 2 0  - 30 see, f a r  a 10v; 

intenskty change) + 

On amount n f  i t a  portability, the blme3all3.c p y r h ~ l i e m c f z r  

l a  especially m i t a b l e  

measurements and a l a o  i 

radiation network. It can DQ euulppea w l t n  a qua rm wmaov 

and interchangeable  filter^+ U a e  of t he  window in advanteq~ous 

in windy ~ondftions, and with the recommended filters, 

 measurement^ of atmospheric turbidity arc readi ly  obtainable, 

Bouever, t h e  fragile nature of t h e  inatrumant and the need 

for fre~uent T P - c d i b r a t f o n ,  f a r  ~ f a n i i a r d i ~ i n ~  purposes, r ~ ~ u l t a  

i.n i ts  limited p o p u l a r i t y ,  

The ca l ibrated  f a c t o r  must be determined by cornparism 

w i t h  ano ther  well - calibrated pyrheliometer. It is expressed 

ae  t he  caloric  value of one male unit. In p r i n a i p l e ,  the 







2.3.3.5 51: 

T M s  is 

mlar  r n - d l a t  

ae e relzt ivr  

aalibratian wainst  an ahaol t l t e  standard. The primary 

standard in the UmSmSrR i a  the kngetrom electrfnal 

campansatlon pyrheliameter, 

The aensor in this instrument is s thin blackened 

~iLver d i s k ,  g l  rnm in d f a m e t c ~ ,  from which the aentre 

section of 3.5 mrn diameter has heen removed, To the back 

of the diak G e  cemented t h e  hot janctione of 36 pairs of 

thsmopiLc rnMe from 6 + D  X 0.7 X 0,04 nun s t r i p 8  of 

mawarria and Constantan, The c o l d  junction a r e  eem~ntd. 

to a heavy aopyer ring, which is in good t h e r m a l  oontaat 

with  the main body of the  instrument, The r a d i a l  

orientation of the thermopile  has given rim to the 

d e a l p a t i o n  t h e m n s t a r "  thermoavcx&ockkoi) for the 

Reneor assembly - see fig, 2.12. 

The therm~ater i~ mounted at the bottom of a 

0 
a a l l i m t o r  f x b e ,  the aperture of which i~ a 5+0 

ciraalar cone, Condnetora from the thermostar are Zed 

out %ram the base of the in~trument to an indieator  or 

recorder, the  main recorders in use being t h e  ,plvanometric 

or balansine potantio-metric t~fle, The internal reeistmce 

of the t l?ermaetar is 17 - 20 Clhms  md the output sicnal is 



A - 7mT f o r  an incident flux of 1.0 oal rnin-'. 

The response of t h e  instrument is a p p r c d m a t e l y  

proportional tq the flux of incidence s o l a r  radiation, 

The i n s t m e n t  i a  not temperature cumpeneat~d, the 

temperahre dependence being nl-~out - 0.35 rise in m b i e n t  

temperature, It i s  used f o r  a o n t i f i u ~ u ~  meaaurement~ o f  

d i r e c t  snlw r a d i a t l a n  by beine i n e t ~ l l e d  nn a alock - 
driven equatorial mount ,  





Pyrheliameters w3ich are normally u s d  es operational 

f n s t r u r n ~ n t ~  i n c l u d i n g  the Eppley, Llnks  - Feusener, Savinov 

Yenishevsk:~ and o t h e r  r e c o ~ d i n ~  types, are n o t  designed t o  

h e  abao lu te  instruments, HO they require a a l i t i r a t i o n  a ~ s i m t  

ah.ndsrd i n a t r m ~ n t ~  in o r d e r  tha t  t h e i r  indicat ions may be 

interpreted in terms of absolu te  enerm. The main standard 

~vrheliametera which have been develop$ are the Angstran A 

clectrlcal compemation and the Smith~onian weter - flow 
pyrheliameters. The water - flow pyrh~lioweter is sonaxhat 
complicated m d  8 i f f i c u l t  to am; thus t h i s  leaves the  Angstron 

pyrheliometer as t h e  primary atandard t~ which other  p o l a r  

r a d i a t i o n  instruments a r e  rd'erenced, 

W0rkiI-I~ etandara pyrhaliometers of the Angstron type are 

maintained at regional s n d  national centres designated by 

the world Meteorolo~ical Organisation f o r  the purpose of 

reproducing the International Pyrhe l iomet r ic  scale 1956(1~~). 

TP a limited ex ten t ,  the Abbot Silver-disk pyrheliameter 1s 

s t i l l  employed at m c h  centres, The secondary transfer 

inetruments in c u r r e n t  use are other Angatron pyrheliorneter 

and I n s t n m e n t s  of t h e  Eppley, Linke - Fenssnar and 

Mlche l~an  type, 

Once a good secondary f n s t m m t  it3 properly calibrated, 

there is l i t t l e  difficalfy in usfng it to transfer this 

calibration to operational i n s t n m e n t s .  The cornpariam 

c h m l d  'bp terrie5 !lout when there 1s a9 littls h a z ~ ;  smoke 



or o t h e r  obseurln~ materials a a  possfble in t h e  

an?. under conditions in which no crlouds arc  w i t h i n  ;If; 

af the 8 m .  The two instruments shou ld  be installed in 

alosc  prox imi ty  to each o t h e r  on mounts by which t h e y  caq 

~ a s i l g  be or i en t ed  to t h e  sun. A sufficient number 

(at leaet ten) of comparisons should be made hetween the 

secondar:? s t a n h r a  and the  aperational im t rumen t  to aecure 

a repre~entative eonatant f a r  the Isttcs, 

If is the average flux of m l a r  radistion determined 

from n r e a d i n p  of the secondary standard and ? is t h e  

avsraee response (in m i l l i  volts or other units) determined 

59  an sqniva1en-t number of readings of the aperattonal 

instrument, then the required constant C is given by 



!l%s intensity of I 

of a pyranometer. The Fyranome cer 

(or t o t a l )  r a d  

l o c ~ t i o n r  It 

J ------  - - 

b7 a glaea  dome. 

The advantap of  pgranometer is that it i~ a simple 

S n s t m e n t  reqiriring: no t r ~ . c k i n ~  of t h e  sun. T h e  m e j m  

a i s ~ d v s n t q p  of p p a n o m e h r  is that Ba it doe5 not t ~ z ~ k  

t h e  sun, it does n o t  collect a l l  the r a d i a t i o n  there is 

from the sauraes, ~speaially e m l y  morninp: and late evening 

radiations, 

There are d i f f e r e n t  types of pyranometer. Some of 

these types nf pyranometsm t h a t  a re  in early developmentqge 

described bclovz 



-4. - C 

Thi :  

E.S. G e l 1  

platinum wire pricis wound on s t r i p s  o r  m l n a  and connecTea 

PO~TI I  uonI1gnratlon a m  mounten In an evseuatea g l a ~ s  

bulb R S  phawn in fig, ~ ~ 3 3 .  

T h s  di f ference  in temperatnre d ~ v e l a p e f i  betweon t 3 e  

pairs of  grids on exposlire to solm xm?.iatian w a s  v e q -  

nearly pr~portional to t he  i n t e n s i t y  o f  the r a d i z t i o n  

incident on them, The temperature d i f f e  1 

by o o m e e t l n g  Che two pairs o f  p i d s  a wnesGswne a r l u g e  

w i t h  a pen arranpment which made t r aoee  on a rerolving 

drum, Each i n s t w e n t  waa accompanied By a calibration 

factor by which the rccordec7 temperature difference c o u l d  

bc intespretsd in t e m e  of the flm radiant  e n e r o  t o  which 

it ia expased, 

The i n e t m c n t  had a r e l ~ t i v e l y  widsapread use in the 

early 2Oth oenturf ,  however, with the development of 

thermocleatrie Mmsars, it was gradually replaoed, 





B r -- AEGSTROK PTRAF!OMBm 

The ~ ~ ~ r a t i o n a l  mode of t h i s  instrument was based 

on electrical cornpensstion p r i n c i p l e ,  The receiver 

surfaee c o n s i s t e d  of two white strips {&a) which were 

coated with r n a g n ~ ~ i ~ r n  oxide  and. two black s t r ip8  (bb) 

vhich were oovercd w i t h  platinum black ( s e e  f i g ,  2.14). 

The four  strips were mounted a i d e  by e l  

crane work in the end of a nickel - platea c y u n a P r ,  ~ n d  

thermo jnnetions were a t t ~ c h e d  from them electricelly+ 

The whife s t r i p s  were aonneoted. t h r o u ~ h  R sensitive 

m i l l i m e t e r  and vari.9-ble res ic tame t o  a low - voltxp 
battery* The glaaa hemisphere was supportad by the 

m e t a l  d . i ~ k  ( d ) ,  into w h i ~ h  WEB inserted a Vial o f  drpiq 

a p n t .  

In oper~tion, the s t r i p 3  were maintained at the sac 

temperature by heat being suppl ied eleotriaally to the 

w h i t e  Whips to compensate f o r  t he  greater amount o f  

r a d i a n t  enerer being absorbed by t h e  black atrips, 

In a p i t e  of soma attractive features, this instrumen5 

w a E  never put i n t o  widespread use, 





The senaclr n f  t h i s  instrument consist~d of two  

blackened manflanin s t r i p s  ( a  and b ) .  S t r i p  b w a s  t e n  times 

am t h i c k  as a t r i p  a ,  and t h e r e f o r e  had a hiflher heat 

~nnduutanoe than d i d  a. The enda of bath  strips were 

soldered copper p o s t s  which w e m  in good t he rmal  contact  

u i t h  3 nickel - p l a t e d  c n p p e r  black. me strips were 

~leairioally i n su l a t ed ,  however, from the copper block 

an? f m m  each other by miua strips,  Tellurium - platinum 
therma elements uerc attached by waxed paper t a  the back 

nf the rnanganin string and were aonnected in series through 

a sensitive galvanometer so t h a t  the mount of d e f l e c t i o n  

of the galvanometer indicsted t h e  differecce in the 

temperature of t h e  strips. 

Thia  instrument, however, was never put into g ~ n e r a l  

use,  becsuae of t h e  galvanometer d r i f t 3  and o the r  problems, 



S t a b i l i t y  (:/, c h 2 n p  per  year) 

Change o f  ambient  temperature f$ I klmo 
+I40 - 

I 

Selsativkty (Max error dite t o  
departure  f r o m  assumed spectxal 
re-spanse s.$) - +$,o 
Linearity  ax, error due t o  noa 
l i n e a r i t y  nad aceourrtsd f a r  (75) - +? ,O 

I Time Constant  (~aximnm) 

' Cosine response [dev i a t i on  from t he  I 

assumed,  tzked at snn elevation 100 
an c lea r  fray $) 

! 

Azimuth response (deviation from that 
assumed, ta!-sn on .olear day ($1 

- +3*0 

*J 0 - 



eleatramotive fo rce  t o  h e  p m d u c d  between the attached 

t hema juna t i an ,  The temperature difference between the 

h o t  and cold  jnnctiona is a frmnkian of the t n t a l  amnunt 

of shartvave raflfation,  on the berice. T h ~ r s f o r ~ ,  by 

a e m r ~ t e  e a l i b r a ? i o n  the voltage from the thermopile can 

be interpreted in tams 6f the i n c i d e n t  s o l a r  eneygy. 

Fa a n l n ~ c  approximation the output raltzqs l a  a l i n a m  

f nno t i an  of the i n a i d e n t  enerm, 



in dj.ame+er, and  ma?^ of soda l h e  &ma af anproximately 

0.6 ma thiekneas, the effects due ta se lect ive  t r an smi s s ion  

of t h e   lam f a r  s a h r  wavslengths m e  minor, Transmission 

af t h e  glase is ~ l m o s t  c o n s t a n t  a t  slightly over 0.9 between 

ahoaf 0.35 and 2,6 m +  The i n e t m e n t  w f l l  reepond ~omeuhat 

~ ~ l ~ e t i v e l y  t o  wavelenqth~ near t h e  effeativs l i m i t s  o f  the 

m l ~ r  ap~ctrum. But to the extent the meueurement 

aonaitiona are minilar to the oondi t i sna  mdsr which the 

instmmant fa  oalibrated, the s p e a t m l  selectivity introduua~ 

no errors in the measurement re~ults, For prac t i ca l  

p v q v m e s ,  the e f f e c t a  of spectral seleet ir i tg  h e  to the glasa 

are neg l ig ib l e ,  

The Eppley  ~yranometers ere subject to a significant 

devondanae of ucns i t lv i ty  an m%isnt temperature, Seneitivity 

dccrcaoes w i t h  inareasinq temper~ture by between 0.05 and 

6 
0.15% per I'C riae in tmperatmcs over B range -50' t ; ~  4n C+ 

Sinas  the norna l  response of the rnn  a n u p h a  is for an increase 

of s e n e i t i v i t y  w i t h  inmass ing  temperature, it appears that 

the obsemed deareaae is uaused by aonvection i n s i d e  the 

ppasromates b u l b .  



therumpile l e a d s ,  Since the positive temperature 

eoeffioieat of the  t h a m l a t o r  i s  much l a p e r  in absolute 

magnitude than the ne~ative temperature caef f iciest of the 

thernapi le  an auxklliary ~ h u n f  with about I500 O h m s  resist~nae 

is introduced Into the circait ,  Temperature Cornpansation 

is brouqht about by the dearease of resistance rznd a 

eonsequent deerenss of potential drop in t h e  c ircuit ,  w i t h  

lnerea~ine tamperatnre o f  t h e  thermiator. me theraiwtor 

is i n ~ e r t e d  in the h a a t  sf,& of the rccsiving element m d  

thereby subdeet to t h e  temperatme o f  t h e  element uhf la  belnR 

sh ie lded  from inaident radiation. 

The Epwlag instrument i e  subjec t  to an additianal e r r o r  

~ a ~ o o i a t e d  vith ehanging a n ~ l e  of incidence of the radiat ion 

an the d e t e a t a r +  The Instrument rasponse in devaded very 

~ a r i o t t a l g  at a q l s s  of inaidencc ~reater t h an  ~ b a u t  6 0 O .  

The reason f o r  the dewadatbun 18 probsbly due to a change 

of refleatame of t he  rsaeivdng aurfaees, part icular ly  the 

black surfaoe, w i t h  angle of incidenae. Hoverer, imprapsr 

a l i p m e n t  of the elements ar inhomo~eneities in the glass 

envelops map be oontr iba tmy f a a t t m ~ r  

T h i s  i n a t r m e n t  is no Loriger in production, althon+yh a 

large number of it is s t i l l  f f i  operation. It has w h c e  been 

r ~ p l a ~ e d  by 0 9 1 ~ -  types  of pyninorneter v i z ,  E ~ p l e y  Y l s a k  - and - 
r r h i t e ,  an?. E p 1 p ; r  precininn wutctral pyranometers. 



.~ig. 2.15 ?'he Eppley pyrsnometer which hm received widttsprcsd rrpplicntlon, 
purticularly in the LTriired S t ~ i t c s  (cortrtesy of the Eppley I,nborntc,rics). T h h  model is no 
lo~rger i t )  producr.ior,. 







The p r i n c b p l  inprovements on t h i s  i n s t r u m n t  over the 

earlier types are 

(a) E l e c t r i c a l  compensation for the d e p ~ n d ~ n c c  of 

senpiti~ity on ambient temperatime. 

) O p t i c a l  cornpensatiun f o r  d w i a t i n n  of r e q m n s e  

from t h e  C n ~ i n e  l a w ,  

and 

(0) Provision r n r  thc u a p  of braad band spectra l  

f i l t e r a .  

The detector f a r  t he  o r i g i n a l  model  w n 3  a aonven+ional 

tgpc of b i s m t h - s i l v e r  t h e m o p i l ~  of 15 janctions yielding 

-9 -1 
ahant  7rn~/csl CM min . A second version o f  the precision 

Instrwrtant, which is the m o d e l  in current  production, is 

uonefderablg srrtaller in size than  the m i g i n a l  version and 

n S i l i s e a  a t h e r m o p i l e  of copper electrn pla t s4  on conefantan 

wire over one h a l f  of each t u r n  of a Wire woufid- f h s m o p ~ 1 . e .  

Eee fig. 2.17, 
- 7 - 1 The aenaitivity of the instrument is 5mT/cal CX - min 

appraximately, w i t h  an iutpedence of ?DO Ohma. The t@wpereture 

depcndenae i~ - +0,5$ from -20O t o  AO'C and the Cosine error is 

0 a 
I over a x L e e  of O to RO Its msponac time ( l / e )  i a  - 

-2 -1 1 see. w i t h  a l i n e a r  response up t o  4 a ~ l  CF! nin . 



xhi 

mea 

SenRltlvlty, m ~ n ~ s  13 as a r e a m - L  01 an lncrease  o r  zenperature 

nf the f i l t e p  ,@ass by the  absorption of solar radiation, with 

a cmsequent heat iqg of t h e  imer - glass  hemisphere and 

modlfied Impwave radiat ive distribution of t h e  dsteotor.  

The instmment:  9s r a t e d  f i r s t  c1ae.s by t h e  World 

Feteosala~ical O r g m i s a t i o n  (7JMl)r 



DETECTOR 

. r 

FIE. 2.17 Croswsectionnl diagram of the ci~rrent.  model c.i  the  I:Spp!ey precisinn 
spec! ral pymnarxeter (cwrt  es;r of the Eppley Lubor~lt  ories). 
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-t-.qe aaalcl, np=lt=r l  u: T;ne nu I I Tnvmwnnl l n  i f; snnwn in 

1 

fl  

E 

copper p a a m  are clamped to a m i c k  brasa plate G ,  L trmt 

a ~ a t  of lacqner  between t h e  poeta and p l ~ e e a  prarfdas 

t l c a t r i a a l  fntr- l lat inn without s a c r i . f i c i n ~  coad themal  

contact ,  The a ~ t i r e  junc t ions  are normally =ranee4 alon~ 

a l i n e  t h r o u ~ h  t h e  centre of the plate ,  and the passive 

2nnotions are an tam of t h e  c o p p s r  poste. The small  heut 

aapaoity af tho s t r i p e  and e f f i c i e n t  heat conduction to the 

copper  posts asanres 8 small l a ~  coeffictent and t h e  l a q p  

h e a t  eapaaity of t h e  braes plate with aopper p o e t s  nssures 

aw-jroximately eanetant temperature and makeg it unneoesflary 



TI' -- 

lons tantan  f h e n o e l e m e r t s  arranpd in a 12 X 11 mm 

wttan-lar e o n f i g r a t i m .  It i~ protected fran t h e  

itmosphere by two c o n c m t r i c  hemispheric21 glms-domes - spa 

'i~, 2 + 1 0 b ,  which can b p  r e m o v e d  for inspection and ~ l e e n i n t : ~  

:ondensation of m o i s t u r e  on t h e  i n s i d e  of t h e  done is 

mevented by the e~cloaed t m m ~ e s  belng filled with a 

t c a i e a e n t ,  m c h  aa $ i l i c a  gel .  The 30-cm diameter r a d i a t i o n  

qhield snrronndinp t h e  o u t e r  dome, and cq-planer with the 

rensitfve e lement ,  nrev~nts d i r e c t  eolar r a d . i e t i o n  f rom 



lmpcrfect  r e E l a a t i o n  or abearptian characteristics o f  t he  

c o a t i n g s  an t h ~  selective  element^, 

The i n s t m c n t  is r ~ t s R  second c l s a e  by the WorM 

M~tenralogical Organisatinn (TAVO).  





Fig. Z.?eb  Dingram of t5e hloll thermopile. 13, active junctions o l  metnl strips; 
A nnd C, passive junctions of m e t d  strips; E znti F, copper mountirlg posts; C, massive 
Lrxzi plate. 



2.5.5 YANISREVSKY PYRANOMETER 

P' 
This pyranometer is the principal instrument for measuring 

diffuse solar radiation, global solar radiation, and surface 

albedo in the USSRo The sensor is constmated either in a 

equare checker board pattern of alternate black and white 

aquares and rectangles or in a radial pattern of alternate blaak 

and white segments as shoyn in fig. 2.19. me thermo aouples 

are composed of alternate strips of manganim and oonstantan. 

'lrhe hot junctions are blaokened with ~oot and the aold junations 

are whitened with magnesium. The sensor assembly is covered with 

a single glass hemisphere, and an auxilliary opaque hemisphere 

is provided for obtaining the zero setting. Condensation of 

moisture inside the glass is prevented by the use of a drying 

agent in a cavity set into the base of the in~trument. 

Older models of the instrument suffered a defficiency due 

to the thiakness of the paint on the eensing elements. The 

metal strips were very thin but the  layer of paint was thick 

enough to oause a significant roughness to the surface. This 

roughness in oombination with space between the elements, caused 

a deviation from the Cosine law. In the newer models there are 

no significant spaces between the elements, and the paint is of 

uniform thiakness over the whole sensing surface. The construction 

is of three ringa; two of manganin and one of oonstantan, s e t  

elose together and out into narrow radial strips, These strips 

are then painted blaok and white as shown so that an approximately 



alane surfme Is nht~ired. The instrument Fs used in 

o f l h e r  of two models of operation far measuring s u r f a c ~  

~ l b ~ d a .  The usna3 method is t o  employ two inz t r rmen5s ,  

ane facine nyward qnd t h e  other d l ~ w  ward, t h e  d b d o  \pins 

nimwly t h e  ratio o f  t h p  re~ultin~ two msasnrments. T h i s  

p~rsrmmetcr is used as a relative i n ~ t m m m t ,  and therefore 

reculres calibratfm aca fns t  a stsndard. The o p e r a t i o n a l  

method n f  calibratfnn is against a s t anda rd ,  The n a e r a t i m a l  

method of ealihrat?nn is bp t he  sun - shadow method, w i t h  

t h e  Angstrom Pyrhel-lometer a9 the primary stLsndardr 

It is r a t e d  second class 37 the World ?!etearological 

O r g a n h a t  i o n  (wQ), 





A n1 

are avail, 

in figa 2 

strip of r 

a himetal 

of temper! 

a mpekanir 

blackened 

d m .  T w o  ~ t a n d a r d  npeede o f  rotatiun of the drum are 

a v a i l a b l e ;  one fill r o t a t i o n  in 24 honra and t h e  a ther ,  ore full 

rotation in 7 days. For operation the entire meehanisn is, 

enolased in a sealed, desictatcd metz l  case, the  main nennar 

section beinig c o ~ a r c f i  br a hemispher ica l  @ass dome. A window 

ie provided far viewing the pen and r ~ c o r d e r  cha r t .  

Scs ffgura 2+20* 

Since the mplitude of the def lect ion a f  the bimetallio 

s t r i p  in fietermincd entirely by i t s  temperature, the 

i n s t r r r m n t  is ssnsitfve t o  the  ambient  environment ae w a l l  

a8 t o  the flux of f n c i d e n t  r a d i a t i o n s ,  Changes in the 

a d i b r a t i o n  have been found to be very large for t h i s  type 

af instrument, Beaauae of its d i a k r t i o n  with temperature 

t h s  blackened sensor strip aannot remain flat, a f ~ c t  

w h i c h  makee t h e  a a l i h r a t i a n .  Constant  a f u n c t i o n  of h a t h  

~ z i m u t h  and z ~ n f  th mele of t h e  i n c i d e n t  radiation, Ad4i t Inna l  



+he dome end 

concentration of e n e r g  hy caustics produced by 

t h e  glafls contribute to the directional sen~ltlvity of the 

~ a l i b s a - k i a n  factor ,  The large h e a t  oapaaity of the bimsksllia 

+crnyrz-turc element m d  itas a s s o c i a t e d  mounting8 result in 

a  low response of t h e  i n a t m e n t  to chanyac of i n c i d ~ n t  f l l ? ~  

cnerm.  ?7hs tima aanstant varies bctween t h e  d i f f e r e n t  desi~ns. 

113 - 75  min u s s a  are normally required for a ?W< responae to a 

sudden chance of enermc 

S~eotral tr~nsaission of the qlass d n m ~  is apparently 

not uniform amonq v c i o n a  models  available, b a t  it is normally 

-ea te r  than 9 9  over the range U.4 m t o  Z r f l  m. 

In snmmary, w i t h  t h e  h e s t  d e ~ i v  which h a s  been developed 

no f a r ,  the R o h i t z s c h  - type instnments are m i t a b l e  only for 

daily total r a d i a t i o n  rneam-rrement in which xeauracy of - + 10$ is 

ads9nate- It i a  rated third class. 





T h i s  i n e t m e n t  u t I l i x e a  32 (16 in scme m o d e l s )  copper 

p l ~ t e ~ ,  ha l f  of w h i c h  a r e  covered with  e h iqh lp  rcfleative 

w h i t + ?  p a i n t ,  an& the nther h a l f  ar-e blackened far h3gh 

abaor~tivity. !!"he two  s e t s  of p l a t a s  are mounted as alternate 

hlack, a i d  whits m p e n t s  radiatine ae a 'Star* from a cen t r a l  

point, togc thes  f u m l n g  a flat circular d i a k  - aee f i g  2.21, 

The two typae o f a a t e s  a r e  thermally isalated from each 

athcr by being mounted on p o o r l y  conducting eoneentria r i n g a  

vhich are t h e w ~ ~ l v e e  thermally i m l a t e d  f r o m  the main b a ~ e  

plate of the i n e t n m e n t ,  Thermg-junationa of e i t h e r  aopper  - 
flanaOantm or mangranin - eonatantan a r e  soldered t a  the under 

~ i d c  of t h e  copper platen, hat junctions being attaahed t a  the 

black s ~ p e n t s  md  cola junationa t o  t h e  white scpnents, 

The senaar d i a k  f a  aovered hy a ground and polished.  a l m s  

hamlephere which  transdts  more thm ?w of the s o l a r  radiation 

t h r n u ~ h  the 0.7 t a  3-0 tun spectral  s a n p +  !Fh9 s m a a r  sectax is 

h e m e t i c a l l y  sealed and the enclosed air i e  in c o n t a c t  w i t h  a d q i n p  

a ~ e n t  which eliminates moisture candensation on the ins ide  of the 

glass  hemisphera, The sensor assembly is sncloned in a a i r c n l a r  

hanainq painted whi4e t o  minimize radiant heating effecta, The 

c i r cu l a r  ~ y m m e t q  o f  the receiving d i s k  eliminates any azimuth 

aepndenae of sensit ivitg,  and meamreacnta available i n d i c a t e  

R r e l a t i v e l y  tme c o a i n ~  reapansa dawn to an inoidenae angle of 

75'. !!'he instrume~t response is c h s e l y  p r o p o r t i o n a l  t o  rad ian t  

i n t e ~ ~ i t y .  T e m y e r a t u r -  compensation is n o t  inaluded, but the 





F ~ E .  2.21 The star pyrnnometer (lowcr lei*) with n directly indicxting meter nud n 
radiat ir-m hs?u\rc probe (cow tttsy of the  Knh! Ssie!l t ific Inst rwwnt Corp j. 



'tl 

 vano one-cers. ALL pyrannrnw Lers are ca l ib ra ted  ins t rument  sr  

There are a numb~r o f  methods o f  c a l i b r s t i n q  ppanome te r s  

usi-rq fhp sun or h b o ~ a t o r y  souraes, Two methode cammttnly 

used are a d i h r a t i n f l  directly sg~inst a reference ~tandard 

byThellameter using the sun as BOUFEe and ca l ibrat iw ~eainst 

a reference pyrammetar  that haa  already been ca l ibra ted ,  

C d i b r a t i o n  n f  the s a f ~ r e n a c  pyrmometer  is accf lmpl ieh~d  

3y t ranefer  of a a l i b r a t f o n  f r n m  an ab~olute py-rheliameter by 

memB af a shad in^ method, A pe~feutly clear day should ha 

choaen to o m d u c t  t h i s  aalibratiua+ 

In the g h a d i n ~  method, s h l t a a c n a ~  meaenrernest~ a r c  m ~ d e  

with t h a  p p a o m e  ter and the e b s o l u t e  pyrheliame terr A t  

r e p l a r  inter~ala~ a disk is interposed hetueen t h e  Bun and the 

p p . ~ n a m e t e r +  The ftiak should be large enough to ahade t he  

glasa dome a t  a l l  zenith angles, For example, a d i s k  I D  cm In 

diameter and he18 7rn from the p p a n o m e t ~ r  w i l l  approximate a 

six degree aperture angle of t h e  reference mtandard pgrheliomete~ 

a ~ a h s  of the ~ertiual component of the direct radiation 

is obtained from the  dlffcrence of eepara te  m a m r e m e n t ~  cf 

+:;a el nha? f A i r a r r +  n l ~ r a  A 3  f P m n m !  a n d  r!i F p ~ a n m  ; t . ~ l d i s r n r r a  



div ided  by the 

obtained from 

K = P;yranomet~r reading averwed over the e p a s s d  
p e r i d  minus t h n t  averaged o v e r  the ~ h a d e E  g s r l a d  

trrsdiance value of t h e  v e r t i c a l  c a n m n e n t  

the a h ~ o l a t e  pyrheliometer ( i . e  measured d j - r ~ c l  

, . -4 

whcra in is thc aireat n a n a l  irradianee o n l e a l ~ t e d  from 

the pyrheliometar reading, 

Shade calibration is also performed over a wide range 

of gola? elevation of s e n a i t i v i k ~ r  w i t h  s o l a r  mgle (f .e t h e  

aosine response), Dnrinc the shade ca l ib ra t ion ,  a second 

ppmometar shaald be merated ,  but n o t  a h a d ~ d  t o  measure 

c~ntinuoualg the g lohe l  irradiance, Ratios  of 4 the vnltae 

ontpnta from the t w ~  ppanometers during n a n - x h a d l q  periods 

are then used to obtain an estimate of what t h e  n m  shaded 

voltage would have been f o r  the test inetmment  at the time 

it was ahadad, A t  the same t i n e  the  occulting diak shonld 

alternately shade ~ n d  ax?ose the pyranemeter for d u r a t i o n  

of' about 10 minutes, 

Shade ualibratians a r e  r ~ c a m e n d e d  only f a r  reference 

pyrmarneters, It is nat  ~ecomolended t o  make ahade c a l i b r a t i o l  

of i n ~ t n m ~ n t s  whose s e n a l t i v i t g  v a i e s  with t h e  uavelen@h o 

t h e  i r r s d l n m e ,  



m@aaursment from the reference pgranometer, 

The major a d v m ~ w s  of the on* daor c a l i b r a t i o n  method 

2 s  t h a t  a l l  t:fle3 of py-ranomsts~s are referenas8  t o  a ainelr 

referenee (uhaae ealihration has heen directly obtained f r o r  

. , 



In de~fgning pyrheliometers and pyranameters, there 

are a number of common cons idera t ions  for attaining high 

accuracy i n  measurement. These considerations inolude 

f o r  example: sensitivity, stability of c a l i b r a t i o n  f a o t o r ,  

linearity, ahange i n  responge due t o  variations in 

ambient temperature, apeotral response of aenaor, 

response time, and effects of auxilliary equipment. 

The effect of circnmsolar radiation, which dspende on 

t he  aperture angle, is  a unique f~ctor in the oasa af 

pyrheliometers, On the ather hand, the directional 

response of the eeneor on t h e  e levat ion  and azimuth of 

t h e  sun and the e f f e c t  of inclination of a pyranometer 

are problems specifia to the instrument, 

2.7*1 C O S I F Z  ?9FEET  

The sensing element of pyranameters is invariably 

coated with a highly absorbent black painta Althouch 

it is easier t o  achieve high  absorptanee i n  the  s p e a t r a l  

sense, it i a  difficult to achieve the same in the 

directional senseo That is, absorptance varies with the 

angle of inoidence. Mast surfaces exhibit an an$ular 

dependence of absorptance. Thie variation is not 

i d e n t i c a l  for electrical non conductors and electrical 

conductors. For most electrical conductors, absosptancs 



remains d m o s t  cnns fan t  until the incident angle exceeds 

oonuidsrably and then drops ragidly when the angle o f  incidence 

approaches 70'. F i g  2.2 ahovs this characterintic qualitative1 

This angular dependence of absorptanee io called the aosine 

effect, Fortunately, at low 8olar eleration the enerm contained 

p y r ~ n o n t a t c r  this variation should not exceed 2% 

Many anthore have investigated tilt effect8 on pyranorneters, 

Rowsvcr, because of continuous developments and modifications 

.in ~ l ; y r a n o m e t r y  Manufacturers catalogues should be con~ultsd 

In order t o  c a m  out any corrections n e c s s e m y .  Fnr example, 

tkLe Eppley laboratory recommends no tilt correction fox its 

"black and whitev and alao f o r  precision spectral pgranameters. 

Kipp and   on en^^ provided a correction plot f a r  one sf their 

pyranoeeters, 

2.7.2 AZIMUTH EFFECT 

Tnder  ideal conditions the response of a seaeiver is 

proportional t o  the cosine af the  angle sf inaidsnca and is 

e a n s t m t  at a l l  azimuth angles, Rawever, reel s u r f a m s  aon ta in  

aome imperfectfnns afislng frnm t h e  mannfaehring proceaeee and 

consequently m a l l  variations in azimuthal nbsarptanee do aocrcur. 



In many solar enerm ap~liaations it is necessary to 

meamme insolation an i n c l i n e d  planes, A pyranameter monntad 

on an inu l ined  plane rsaefves from a sslid anqls of 

direct ,  sky diffused,and ground reflected radiation, Since  

pgranometers and talibratea in a h a r i s o n t a l  npward direction, 

they may &how a ohawe in respome when mounted in an 

i n c l i n e d  or downward direation* This change occnra mainly 

becaaae of a hemispher ica l   lam dome. This tilt effect 

varies w i t h  the angle n f  irradianae, F a r  ~ a m e  models, such 

as Rgp m d  Zonen ppanameters,  it also varies  with the 

o r i e n t a t i o n  o? t h e  t h e m u p i l e  viz-a-vis tilt angle, Deviation 

from the h a r i z o n t a l  pasftion hereases  w i t h  the tilt angle 

and w i t h  the level of r a d i a n t  flw, In a w e l l  - designed 
p,pmameter t h b a  v a r i a t i o n  shonLd n o t  exceed s, 

Wany authors have investigated, tilt e f f e a t s  an pyranometexs. 

However, because af eontinnuus developments and modkflcatinna in 

pyranometry, mannfacturers~ catalogues s h o u l d  be cansulfed in 

order  t o  aarrg out any cor rec t ions  necessary, F o r  example ,  t h e  

Eppley laboxatory recommends no tilt a o r r e o t i o n  far its "black 

and whiten an& a l s o  f a r  precision s p e c t r a l  pyranometers. 



Kigp  and 2onen2' pro~ide a correction p l o t  f o r  one of their 

Fig, 2.22 pgranometer response as a function of the angle 



2 e R  IFSTALLATIOfl OF PYRANUMIE3Tm,S 

The proeees of i n s t ~ l l a t i o n  of pyranometers varies 

with typeis of i n e t m e a t a .  However, some general principles 

apply to all pyxanmeters. 

The essential requirement in inatallation of a 

pgramometer is that  of proper exposure. 3as iaa l ly ,  the 

s e n ~ i n ~  element 

~ h a n l d  be above 

Fig. 2.23 ppanome te r  response with and without a shading 
disk. 



a l l  surrounding o b s t a a l e e  such as b u l l a i n g ~ ~ t r e e s ,  h i l l s ,  

aanntains, e t ~ r  60 t h a t  the radiat ion reaahea the i n s t m e n t  

f rom the  ent i re  hemisphere of the 8ky. In praetfce, however, 

it is narmally difficult t o  realiae such an ideal eitnetion, 

Therefore campromisea a r c  semetimes made when making 

msaswements, Obstaclaa which cut  off direct solar radiation 

Trow t he  instrmen'c, eauee the m o s t  errors. Thus, it is 

n e c e s s a q  to a m i d  i n  particular, such o b s t m c t i o n s  in the 

easterly or weaterly directions. 

A t r ami t  or theoddlte o o d d  b e  used t o  map on a diagram 

of azimuth vcraue elevation angles* t he  o u t l i n e  of an ohstartle 

end hence determine the  a o l i d  angle which it substands at an 

instrument. While eome obstacles rcf lsat  solar radiations* 

o the r s  such as blsak body obstacles, d imin i sh  t h e  diffuse 

f l m  on a unit h o r i z o n t a l  surface. Becauae of these problems, 

it is p r e f e r ~ b l ~  to ~ h o o s e  a location for t h e  ppanometer such 

t h a t  t h e  error in measurement dae to an nbatraetion is leas 

t h an  t h a t  introduced by o t h e r  f a n t o r s .  

The pyranameter should a l s o  b e  easily accessible f o r  

practical par~oaes. For instame,  the elass envelope has 

t o  be kept f ree  of dust ox o t h e r  dayosits by f requent  cleaning 

and shadow r i n g s  or d i s k s ,  when need, should bs ~ d j u s t s d  

regularly (say every 2 or 3 days) for change of dealination 

i:i?.' the sun. 



CM?TER THREE - 

DESIGN Am CONSTRUCTION OF TIE P Y R n F W E R  t G T E  - -  - . 
. P I  P'r 1 EE ~fi.T1; 

The desipg of the p y m o m k r  is similar to that of Eze 
. 0 ,  

( 1983) and that of A s o w  ( 1990fq. However, some mdifications 

were made i n  Uleir designs i n  order to impraw on their work. 

The major ~ o d i f i c a t i o n  i n  our design when compared to Ezefs i s  

t h a t  the operational amplifier is dispensed w i t h .  The ou tpu t  

frm the  pyranowter  is fed i n t a  a sens i t ive  long scale mlva- 

nmekr. Tbe admntage of t h i s  system is that the readin@ are 

not s e r i o u s l y  affected by mall chams i n  pwer supply. Also 

the t h e m p i l e  was calibrated before assembling to glve more 

accurate readings. The main difference between this desim and 

A m g a t s  are tha t  the base of the box is seasoned so l id  plywad. 

The advantage of this is h e  solid plywood is mr-e durable since 

o r d i n a r i l y  plymod wearsaf f Mil3 tine depending on weather 

condition. 

Also a white perspex glass of greater thickness (5mm) is 

used . This has the  advanta~;e of giving greater protective 

resistance to t h e  casing a n s t  bad !eat&. i;omver, Uze 

a l h n i i r m  f o i l  was coated w i t h  white paint and it m s  cbvercd with 

white chalk particles and f i n a l l y  sealed with another+ aluminim 

f o i l .  This has the  advantag of m&ng tk r e f  letor surface 

h i a l y  reflective . 



The absorber posit ion is made adjustable so that one 

can easily m y  the dis'cmce betwen t h e  absorber and the 

reflector. This  may have the advantage of increasing the 

va lue  of the EJ4.F. 

The pyranmeter was constructed i n  parts and then 

assembled. The e s sen t i a l  features of t h e  pyranometer are: 

The t e r m p i l e  consis ts  of four copper - constantan 
, . 

'ckmmuples masurine 1 W .  A prototype of  the thermo- 

couple shown 

, +-mid Junction 

86 - Hot  Junction 

The themcouple was cWstructed by c u t t i n g  out  100x1 

lengths of copper and consJcantan wire and then so lde r ing  them 

together as stlorm in fig. 3.1. The e.m.f developed by a single 

t h e m c o u p l e  is very low, In order t o  increase t h e  e .m .f 

develowd , a number of t h e m o u p l e  junctions were connected 



i ~ a l  terminal (To Plates) 



Theoretically E.1.I.F developed by a thermopile is 

@ ven by 

E.M.F = d ( T I  - T2j + ,b' ( T I  - T2) 

where (f and ,8 are constants 

W = 46 ,W/'C = O.O~PWPC. 
! i s  very .wall. Therefore, #? (TI  - T2) can be neglected. 

'Ihereforo, EM.F = 0.04 (TI - T2 1 

where T, is the temperature OE the hot junction and Tp 

t h e  temperature of the cold ~mct lon .  

Ey connecting the jwtbras OF the themcouple  in 

series, the e.m. f can be greatly increased. 



( B) PRDTECTTVE ED~I'INSTRUt43R - C A S I K  ) 

Tne mounted t h e m p i l e  is housed i n  a box of 24cm x 24cm 

x &m b u i l t  ou.t; of 3n acrylic plastic material (perspex). 

The edges o f  the bax are joined chemically with p l a s t i c  % 
4 

bf nding cement. k n d i  rg of t h e  s t r i p  of perspex measuring 

1 O k m  x &m !.~a.s done on a locally built plastic bender, v- 
-4 -- 

belonging to the  department of l k h a n i c a l  Engineering, 

Lhiversi ty of Nigeria, Nsukka. (Courksy of W. E.U. Ekpo) . 
, . 

The t o p  of  t h e  bax is covered with white perspex to 

ref lee t a l l  radiations f a l l i n g  on it. The base of t h e  box 

on which t h e  T - shaped stand carrying the thermopile is 

mounted 1 s  made of wood and is detachable by undoing four 

screws. A ho le  15an i n  ~ ~ t e r  is cut i n  the  centre of Lhe 

perspex top .  Thi s  h a s  mde by drilling a small hole and then 

i n  i .  The top is f ixed to t h e  dome by means of  an 

adhesive. The wmden Ease which carries t h e  thermopile foms 

t h e  base of the  box, The pro tec t ive  box is shovm in f ig .  3.3. 





Fig. 3.4 The Tharmopile shown in i Is position 



(D) RADIATION SENSOR 

The r a d i a t i o n  sensor  c o n s i s t s  o f  a set o f  f i v e  copper 

p l a t e s  (one large one and four  sma l l e r  o n e s )  to which f o u r  

copper - cons t an tan  thermocouples are connected. 

Each o f  t h e  four  sma l l e r  copper p l a t e s  measures 

3cm x 2cm x I a n  whi le  t h e  larsr one masures 8cm x 4cm x Icm. 

The p l a t e s  were first tho roumly  cleaned with concent ra ted  

t e t r a o x o  w l p h a t e  ( N )  a c i d  %SO4 and then d r i e d  with emeryy- 
p l a t e s  " 

paper .  Each/was pe r fo ra t ed  at  the  middle where one junc t ion  o f  

one o f  t h e  thermocouples was soldered  to one o f  t h e  smal l  

p l a t e s .  The o t h e r  set o f  f o u r  j unc t ions  was so lde red  to t h e  

large p l a t e .  Each of  t h e  four  p l a t e s  was blackened usine; a 

mixture  o f  black p a i n t  and lamp b lack .  The lampblack was 

added to g i v e  t h e  s u r f a c e  a ma t t  f i n i s h .  Th i s  i nc reases  

t h e i r  absorbance. The thermocouple j unc t ions  connected to 

t h e s e  b lack  p l a t e s  act as t h e  h o t  junc t ions  (psi  t i v e  t e rmina l ) .  

The large p l a t e  was pain ted  white  and then  covered completely wi th  

alwninium f o i l .  T h i s  r a k e s  t h e  s u r f a c e  h igh ly  r e f l e c t i v e .  

The junc t ions  connected to this p l a t e  a r e  t h e  t o l d f  junc t ions  

( n e ~ t i v e  t e r m i n a l )  . 
The p l a t e s  are then  screwed i n t o  T-shaped i n s u l a t i n g  

suppor t s  which are f i x e d  to a moden base as shown i n  fig. 3.5. 



3per 
nted 

Copper Plate ( covered 
with Aluminium Foil ) 

0 

~ I Q C ~ )  F- 
,- Insulating Stand 

-s Wooden Base 
0 

Fig 3 .5  COPPER PLATES MOUNTED ON T -  SHAPED .. - 
INSULATING STANDS 



(E) INSULATIbK S T A I D  

This was c o n s h e d  out of two p ieces  of w m d  which 

were first cut  to size witin a sw and then shaped to a 

round shape on a lath? machine a t  t'ne Department of Physics 

and As tmnomy Idarkshop ( ~ ~ ~ ~ ~ c a l  Section ) . The dimensions 

of the insulating stand are 10cm x 1.3crn. W f ig  3.6 

The pyranmeter was nav assembled as shorm in f ig .  

3.7 af ter  the  constmction of the d i f f e r en t  parts. 





The const ruct ion  of the pyranmeter now completed, 

t h e  out put them'llelectric e,m.f was checked. This w s  done 

by mounting the pymnomter  outside where i t  received 

insolation. The themolelectric a .m.f was measwed when 

t h e  insolation was almost a t  its peak t'nat is, akmt 1.00 

p.m. M y  ,wasurments taken showed t h a t  even a t  the 

peak insolation the e .m.f developed d i d  not exceed 600U vol.ts. 

It was therefare d i f f i c u l t  to monitor small variations i n  

the intensity of solar radiation. To overcome this problem, 

the  pyranorneter output  voltage was monitored using an EDSPQll 

long range galvanometer (see f ig .  3.8 and plate  1 . 
w k n  t h e  pyranmeter was exposed 'co so la r  radiat ion 

and connected to t h e  @v-ano~eter, the defiection was observed 

to vary ~ 5 t h  tk intensity of solar r a d i a t i n n .  





3.2 CAUmTIQ31 OF T E  PYRAPDPETER 

The pyranamter was calibrated by taking readings at 

five minute i n t e rva l s  with t h e  i n s t m n t  f o r  two days. During 

those days i t  was placed side by s ide  with an Eppley integrator 

pyranmeter , Y ~ d e l  PSP - '14875 PF, f r o m  the h p a r h e n t  of 

k M c a l  Engineer ing,  Universi ty  of Nieria, Nmkka . 
Readin@ of t'ne latter were also W e n  at intervals of five 

minutes.  

The Eppley pyranometer readings gave the .narmulative 

i m l a t i o n  for the Mve-nsislute I n t e r v a l .  Ey f inding the 

d i f f e r e n c e  between the readings f o r  two cOnsecutirle intervals, 

t'ne averae instankmncous insolat ian f o r  t h e  i n t e r v a l s  was 

obtained.  Graphs of the  average i n s M h n e o u s  insolation 
time . 

a g a i h t  the local wereilplottcd. These graphs are shown i n  

figures 3 .l. 1 and 3.2.1 r e s p e c t i v e l y  fo r  t h e  ftdo days wh i l e  

the  instrument readings for these days are s h o w  i n  t a b l e s  

3.1 and 3.2 respectively, 

The c o r r e l a t i o n  between tine graphs o f  t h e  two 

instrwnents indicates t h a t  t h e  constructRd WraPKMleEer is 

s u f f i c i e n t l y  s e n s i t i v e  . 
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I . .  
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I N S T A N T A N E O U S  I N S O L A T I O N  

- .-o- ,- -0 GALVANOMETER OUTPUT 



F i g  . 3.2.1 VARIATION OF INTENSITY OF S O U R  RADIATION AND 



. 

WAN GALVANOETER . 
DEFLECTION (V) X 10 



The cons t ruc ted  pyranometer is calibrated a w n s t  a 

s t anda rd  Eppley pyranometer. The c a l i b r a t e d  readings  are 

shown i n  Table 3.3. 

These r e a d i m  are p l o t t e d  i n  fig. 3.3 .I ta o b t a i n  

t h e  & l i b r a t i o n  curies:. The c a l i b r a t i o n  curve f o r  t h e  

cons t ruc t ed  pyranometer has  a s l o p e  0.87 mm/!!l 16 2 1.2%. 
I 

Thi s  means that when the ~ n t e n s i t y  o f  s o l a r  r a d i a t i o n  c h a n g s  

by 1 W x - ~ ,  t h e  (alvanometer d e f l e c t i o n  c h a n g s  by 0 '$7. The 

scale o f  the galvanometer is l i n e a r  and graduated i n  mn and 

the re fo re  a change o f  0.87 mm can be detec ted .  Thus our  

pyranometer responds w e l l  to changes i n  i n t e n s i t y  o f  solar 

r a d i a t i o n .  



F ~ E .  3 -3.1 CALIBRATION GRAPH FOR THE C0N.TRUCTED PYRPINOYETER 



The ins tan taneous insolation a t  d i f f e r en t  hours o f  the 

day i n  PJsWa was measured for the month of Yay, 199 1 using our. 

pyranorneter . The pymometer deflection w a s  recorded a t  each hour* 

(local  me ) . The corresponding ins tan taneous inso la  tion is 

irikrpolakd from the calibration p p h .  
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The results of the measurements are hbu la tea ,  in 

Tables 4.1 and 4.2. Table 4.2 shows the mean instantaneous 

insolation at different hours of the day for the period 

under i n w s  t imt ion  . An analysis of these data reveals the 

fa Uodn g: - 
(ij fl&estInstantvleous Intensi ty  was 8 2 0 d  

recorded on the %Id of lhy 1991 a t  1303 haws 

hcal  Erne. 

(ii bwes t Imtantmmus Intcnsi  ty was 20 \OF' 
recorded on the 28th of i,ay 1991 a t  1700 hours 

l o c a l  time. 

(iii ) Hi@es t &a Instantanwus Insolation was 497 L& 

recorded at 1 130 houm local time. 

(iv) Lawest *;u? Instantaneous Insolation was 29 \!i4 
-2 

recorded a t  1730 Murs local tine, 

{ v )  In h e  absence af overastclouds, themaximm 

in h n s i  ty for a ~ v e n  day occurs k &en 1 130 hours 

and 1300 hours local time. 



It 'nm been successfilly demonstrated that using 

locally available materials such a wood, copper plates, 

lampblack and glass, it is possible b construct an 

radfatian. The ccmstmcted pyrmmeter is estimated ta 

cost ~1756 (seven hundred and f i f t y  k i r a  j . It is Vlelrefore 

cheap and simple as canpared to imported ones. It is hoped 

that with b e t t e r  materials and improved technolow, such as 

ktter  copper p l a t e s  fo r  the sensor e l m n t s ,  better quality 

ski l led soldering of the themcouples,  a pyrmunekr 

a h s t  as god  as the s h d a r d  Eppley p y m n m t e r  can be 



(i) ADAPTATION FOR IaPSI;REENT OF COMP.?VLATIVE I W L A T I O N  

For the purpose of measuring cunanulative imolation, 

it is s u m M  that the wtput of the pyranometer be 

connected to a s e n d  t i e  au~mat ic  char t  recorder. 

The chart rewrder p l o b  the pymmeter output 

a&nst t h e .  An appmpriate conversion factor can then 

be obtained by cmpwing the wea under Ule p p p h  wi. t h  

the cumulative insolat ion recorded by an Eppley pyranorneter. 

The instantaneous insaLation a t  a given time may also be 

The rmpanse time m y  be improved by: 

a ) using a matefial with low specific heat capacity 

(e . g platinum for  making the  sensor ; 

b ) d i n g  the rat io of surface area to the tbickncss 

of the ensor  as hi& as pracl;icdjk; 

) the variation of the spectral campasition of 

terrestrial global radiation has been well 

established by a number authors including 

If, is sue;gested  hat such an investigation be 

carried out in our l o c a l  environment so as to 

establish the p t t e r n  of this variation, on 
b u r l y  and seamnal bases. 
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