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1. INTRODUCTION

One of the most important requirements in the design of any solar

energy conversion equipment is the intensity of the solar radiation and its

components. There axe tvo main components of the radiation reaching the ground-

direct radiation and diffuse radiation. In moat solar energy applications, the

global (or total) solar radiation Incident on a horizontal surface is all that

is required. However, In other applications, knowledge of diffuse irradiation

is also essential. Whereas measurements of global radiation are carried out in

several locations all over the vorld, there are very few data on diffuse radiation.

Hence various correlations have been developed to predict the diffuse radiation at

different locations.

There are two categories of correlations for predicting diffuse radiation.

The first category expresses the diffuse fraction of the global radiation

as a function of the clearness index, K . which is defined as
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where H, H and H are the monthly average daily global, diffuse and
D o

extraterrestral irradiation respectively. Examples of such correlations Include

the ones by Liu and Jordan [l], Page [£], Iqbal [3], Collares-Pereira and

Rabl [!*] Erbs et al. [5], Barbaro et al. [6] and Lewis [7]. The correlations

are of the general form,

and the only measured imput variable is the monthly average horizontal daily

global radiation. In some locations where data on global radiation are not

available, this can be a disadvantage. Under such a situation correlations of

the type in eq. (l) can only be used If a predicted value of H is used in

place of the measured value.

Iqbal [6], using physical arguments has suggested a correlation of

diffuse radiation as a function of bright sunshine hours. The following

correlation was suggested;

(2)



where S, is the monthly average daily number of hours of bright sunshine, s

is monthly average day length in hours and a are correlation constants.

Several researchers [I], [9] *n& [10] have determined values of the correlation

coefficients for various locations. These coefficients which have 'been found to

be site specific are presented in Ta"ble 1. Thus by usinR en. (2) one can

determine diffuse radiation vithout the knowledge of the measured value of global

radiation at the location-

There are many locations in the world where there is no data on either

global radiation or any of its components. In such a situation, in order to

predict the diffuse radiation, one is faced with a choice between tvo routes.

One method will be to simply use correlations of the type in eq. (2) which can

predict H without knowledge of the measured value of H. Another way will "be

to first predict H using an Angstrom-type [ll] correlation and then using this

value in eq. (l). The Angstrom-type correlation for predicting H is

H

•„ **•«.'
(3)

where a and b are constants. The possible disadvantage of the latter

method is that the cummulative effect of the combined errors Df the application

of two different correlations will make it less accurate than the use of just

one correlation as in the case of the first approach. On the other hand, it is

also possible that the errors may interact in such a way as to limit their

overall size and hence make the approach more accurate.

This paper compares the two approaches for predicting Hp where only

sunshine data is available. It determines H using existing correlations of

the type in eq. (2) and then compares it with those obtained from correlations

of the type in eq. (1) used in sequence with eq. (3). The comparison has been

carried out at four locations(two in the South and two in the Horth.

2. SOLAR RADIATION CORRELATIONS USED IH THIS WORK

2.1 Global radiation correlation:

For predicting the global radiation, the Hietveld [121 modification of

the Angstrom correlation is used. This has previously been tested and believed

to be universally applicable [13]. The equation is

| = 0.18 + 0.62(| ) • (1+)
o o
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2,2 Diffuse radiation correlation as functions of clearness index:

The Page correlation [2] of H /H as a function of the clearness index

has been tested in ten locations spread between latitude !JO°N and bO°S.

The equation which is given below is given in this model

^ - 1.0 - 1.13(jf )
H o

(5)

2.3 Diffuse radiation correlation as a function of sunshine hour:

Iqbal [9] has developed the following correlation for Montreal (Canada)

(Lat. 1+5° 30'H)

j ^ = 1.63 + 0.1.78(1 ) - O.655(| f
o o o

and Barbaro et al. [6] has presented the following for Macerata, I taly

(Lat. 1(3° lB'H Alt; 338m)

(6)

=£=0.3627 -
o

0.2678(|
o

(T)

3. METHODOLOGIES FOR MHDIHG FROM SUNSHINE DATA

In a situation where there is no data on global radiation, one of t ™

approaches can be used:

First Approach: This involves the use of correlations such as eqs. (6) and (7)

above which express H,, only as a function of sunshine hours.

Second Approach: This involves the sequential application of eqs. (•*) and (5)

Eq. (U) is used to determine the global radiation H, from the available

sunshine data. This predicted value of H is substituted into eq. (5) to

obtain H . In effect this approach amountB to substituting for H and H/H Q

calculated from eq. (!*) into eq. (5). This results in the following equation

^ = 0.1U3 + 0.36B(| ) - 0.1*3M| ) 2

o o o
(8)



In this work we compare the two approaches for predicting from

S/E by applying them to four different locations for which data is reported
o

in the literature.

It. RESULTS AND DISCUSSION

The data used in this work are those reported by Lewis [7], Iqbal [lU]

and Barbaro et al. [6]. In the case of the latter reference, only the data

presented for Macera+.a (Italy) vus considered because the period of the

sunshine data for this location coincided with that for the diffuse radiation

record. This was not true for the other locations reported in their paper.

Tahle 2 gives details on the sources of the data used in this work.

Tables 3 to 6 give data and results Of the computation for the four

locations. These results are also plotted in Figs. 1 to K. Tn each figure

the measured data is plotted together with that predicted by eq. (6) and the

correlation developed for that location tey previous researchers. In Zimbabwe,

there is at present no correlation of diffuse radiation as n. function of sunshine

hours hence the comparison was between the measured value and that predicted

by eq. (8) (ie. the second approach). In Fig. 5i an attempt is made to find out

whether any of the two approaches for finding 1I~ Is universally applicable.

In Fig. 1, the recorded data for Montreal is compared with those

predicted by correlations of Iqbal [9] as well as the eq. (8) that results from

the second approach. It is observed visually that the equation resulting from

the second approach {eq. 8) gives a better result than Iqbals correlation even

though the latter was specifically developed for this location. This picture

is further illustrated from Table 3 which compares the errors in the different

prediction methods. The average percentage error incurred in predicting HD

using the correlation proposed by Iqbal is -7-95?, with the negative sign

indicating that the values predicted were higher than those observed. The

average error incurred in applying eq. (8) is only O.793!( which indicates very

good agreement. Also, examining the errors for each month, one notices a better

agreement between the observed and the predicted values when eq. (8) is applied.

In Table I* and Fig. 2 the performance of emperical correlations developed

by Barbaro et al. for Hacerata (Italy) [6] is compared with that of eq. (8).

The results show that although the Barbaro et al. correlation gives better

values for H eq. (8} also gives reliable values. In Tables 5 and 6 and

Figs. 3 and It the performance of eq. (8) is tested against reported data from

two locations in Zimbabwe in the Southern hemisphere.
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At both locations the agreeranet between the predicted values and the measured
data were found to be very good. It was not possible to make comparison with

a local correlation of H a.s a function of S/S because none has teen
o

developed for this location.

Since eq. (8) v&s found to perform very well in both hemispheres, it was

decided to examine it further in order to find out whether the approach is

universally applicable. In Fig. 5, * W " is plotted against bright sunshine

hours as a fraction of day length. The first thing one observes from this

graph is the spread o f data points. It is difficult for any single equation

to accurately fit all the data points. However eq. (6) which results from the

second approach for finding H , seams to fit the data better than the other

correlations especially at higher values of S/SQ.

5- COHCLUSION

In a location where only recorded data on sunshine duration is

available, there are two possible ways of predicting H,,. One way is to use

existing correlations that express H. as a function of S/S another way

would be to use correlations that express H as a function of the clearness

index K , with the predicted (and not the observed) values of the global

radiation used to determine KT. The latter approach has been found to be more

accurate. This is probably due to the fact that the errors involved in the two

correlations used in the latter approach, act to eliminate each other.

Thus, it is concluded that In a location where there is no data in

global radiation, one can still use the Page [2] equation to predict diffuse

radiation.

In such a case value of H used in the Page correlation will be

predicted by an Angstrom-type equation. This kind of approach represents in

mathematical terms, the application of the following equation

| J £ = 0.1143 + 0 . 3 6 6 ( | )
Ho S o

f )2
So
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TABLE 1 TABLE 3

Reported values of constants for the correlation

VHo = V

Location

Montreal (Canada)

Palermo (Italy)

Macerats. (Italy)

Geneva (Italy)

a o

O.163

0.2205

O.3627

0.1717

a l

0.1*78

0.0126

-0.U259

-O.OI461

a l

-O.655

-0.1292

0,2678

0.0725

Reference

Iqbal [9]

Earbaro e t . a l . [6]

Barbaro e t . a l . "

Barbaro e t . a l . "

TABLE 2

Location

Montreal

Macerata

Salisbury

Bulawayo

(Canada)

(Italy)

(Zimbabwe)

(Zimbabwe)

Sources of data

Latitude

1*5°3O'N

1*3°18'N

17°30'S

20°09'S

used in th i s

Altitude

ill 71m

work

Reference

Iqbal

Barbaro e t . a l .

Lewis

Lewis

19]

[6]

17]

[7]

Comparison between predicted and measured data

for Montreal (Canada)

VH * 0.11*3+0.368(S/S )-0.l»3MS/S )2

O O O

H_/H_ - 0.163+0.!

(8)

(6)

JANUARY

FEBRUARY

MARCH

APRIL

MAY

JUNE

JULY

AUGUST

SEPTEMBER

OCTOBER

NOVEMBER

DECEMBER

L_._. .._...

a.89

u.39

5.88

6.61

8.19

9.19

9.26

8.01

5.68

3.96

2.56

2.28

Measured

S/S
0

0.35

O.I13

0.1*7

0.1*7

0.53

0.5I*

O.56

0.5lt

0.53

0.1*5

0.27

0.3

Ho

IO.78

16.52

25.57

32.77

iiO.UT

1)1.78

! J2 .97

35.69

29.0U

20.1*9

12.87

10.1*1*

H

5.27

8.33

12.5

15.61

18.5>*

20.70

21.19

17.18

13.22

8.26

It.1*7

3.78

0.268

O.265

0.23

0 . 2

0 . 2

0.22

0.215

0.22

0.2

0.19

0 . 2

0.22

Predicted

Equation
(8)

2.35

3.65

5.62

7.21

8.71*

9.0

9.15

7.^9

6.27

U.52

2.71

2.23

AVERAGE

Equation
(6)

2.69

l*.08

6.2

7.96

9.1*

9.6

9.68

8.2

6.7

5.0

3.1

£.58

ERROR

Percentage
Error

Equation
(8)

18.68

16.85

l*.l*2

- 9.07

- 6.71

2.06

1.18

6.k9

~ 6.63

-11*. it

- 5.86

2.19

0.793

Equation
(6)

6.92

7.06

-5.1*1*

-20.1*2 '

-I1*. 77

- l*.l*6

- U.53

- 2.37

-13.91*

-26.26

-21.09

3.9*1

- 7.95

-9- -10-



TABLE It

Comparison between predicted and measured data

for Macerata (Italy)

HD/HQ = 0. 3627-0.l+259(S/So)+0.2678(S/SQ)2

(8)

(7)

JABUAEY

FEBRUARY

MARCH

APRIL

HAY

JUHE

JULY

AUGUST

SEPTEMBER

OCTOBER

NOVEMBER

DECEMBER

HD

3.3

5-0

5.6

7.1

8.0

8.6

8.3

7.3

6.1

U.9

3.6

2.7

Measured

S/S
0

0.31*

0.1*1

0.39

0.1*5

0.57

0.57

O.67

O.65

0.56

0.5

0.39

0.33

H
0

13.1

18.2

25.6

33.1*

39

1*1.3

1*0.1

35.1*

28.2

20.1*

ll*.2

11.6

H

6.1*

10.0

13.9

18.8

21*. 8

26.9

27.0

21*. 2

SO.I*

12-9

7.7

5.9

VHo '

0.25 !

0.27

0.218

0.212

0.2

0.21

0.2

0.2

0.216

0.21*

0.25

0.23

Ha
Predicted

Equation
(8)

2.85

l*.O2

5-61*

7.37

8.26

8.71*

7.81

7.01*

6.0

it.1*5

3.13

2.52

AVERAGE

Equat ion
(7)

3.26

l*.£l*

6.07

7.52

8.07

8.51*

7.92

T.Olt

5-87

l*.l*2

3-37

2.915

ERROR

Percentage

Error

Equation
; (8)

; 13.63

! 19.6

- 0.71

- 3.8

- 3.25

- I.63

5.9

3.56

1.61*

9.18

13.05

6.67

5.32

Equation
(7)

1.21

15.2

- 8.39

- 5.91

- 0.875

0.697

It. 58

3.56

3-77

9.8

6.39

- 7.96

1.81*

TABLE 5

Comparison between predicted and measured data

VHo

for Salisbury (Zimbabwe)

= 0.11*3+0.368(S/So)-0.1*3l*(S/SQ)£ (8)

JANUARY

FEBRUARY

MARCH

APRIL

MAY

JUNE

JULY

AUGUST

SEPTEMBER

OCTOBER

NOVEMBER

DECEMBER

10.2

9.8

8.1*

6.1

1*.3

3.8

3.9

i*.l

5.6

7-1

8.1

10.2

Measured

s/so

0.1*8

0.5

0.61

0.69

O.76

0.79

0.83

0.8!*

0.61

0.73

0.527

0.1*5

H
0

1*1

39.6

36.5

31.8

27.3

25.1

26.0

29.7

3U.6

38.1*

1*0.5

Ul.2

H

22.3

21.5

21.3

20.0

18.6

17.8

18.1*

21.1

23.9

21*. 9

23.5

21.8

1

VHo

0.2lt8

0.21*7

0.23

0.192

0.157 i

0.151

0.15

0.138

0.162

0.185

0.2

0.21*7

HD
Predicted

Equation
(8)

9. OS

8.65

T-52

6.05

1*.69

l*.l

3.9

1*.3

5.1*

6.9

8.76

9.1

Percentage
Error

Equation
(8)

11-57

11.73

IO.S17

0.82

- 9.07

- 7.9

- 0-

- it.88

3.57

2.82

- 8.15

10.78

2.63

- 1 1 - -12-



TABLE 6 FIGURE CAPTIONS

Comparison between predicted and measured data

for Bulawayo (Zimbative)

(8)

Fig.l Comparison between predicted and measured values

of diffuse radiation over Montreal, Canada.

Measured

•

JANUARY

FEBRUARY

MARCH

APRIL

MAY

JUNE

JULY

AUGUST

SEPTEMBER

OCTOBER

NOVEMBER

DECEMBER

HD

9.7

9.h

7.6

5.9

lt.0

3.8

3.7

k.k

5.U

7.1

8.6

9.5

s/so

0.55

0.55

0.6U

0.7

0.8

0.79

0.83

O.85

0.8

0.7

0.5I1

0.1(8

H
0

1*1.1*

39.6

36

30.9

26.2

23.9

2*4.9

28.6

33.9

38.2

1*0.8

U1.7

H

2*1.2

22.9

22.1*

19.9

16.6

16.9

18.0

20.5

23.5

2l*.3

22.9

22.9

VHo

0.23

0.2l*

0.21

0.19

0.15

0.16

0.15

0.15

0.16

0.18

0.21

0.23

Predicted

Squat ion

(8)

i 8.86

8.1.8

7.23

5.8

It.2

3.69

3.78

I4.I

5.1*

7.16

8.77

9.16

Percentage
Error

Equat ion
(8)

8.66

9.78

it. 87

1.7

- 5

- 2.37

- 0.54

6.62

0

-11.26

- 1.97

3.53

2.03

Fig.2 Comparison between predicted and measured values

of diffuse radiation over Macerata, Italy.

Fig.3 Comparison between predicted and measured values

of diffuse radiation over Bulawsyo, Zimbabwe.

Fig.4 Comparison between predicted and measured values

of diffuse radiation over Salisbury, Zimbabwe.

Fig.5 Comparison of the two methods for different

locations.

-13- -14-



Observed values
This work eqn. (8)

_ . _ Iqbal's correlation eqn(6)

10.0

J F M A M J J A S O N D

-15

i-w ' t •jt-m. i- vmw.rrmT" •.:

10.0

8.0

6.0

4.0

2.0

Observed values

This work eqn (8)
Barbaro et al. eqn.(j)

J F M A M J J A S O N D

Months
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10.0

This work eqn (8)

J F M A M J J A S O N D

2.0

-17 -

10.0

8.0

6.0

4.0

2.0

wDserv6u
This work

-

values

eqn. (8)

J
J F M A M J J A S O N D

M o n t h s
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0.25

0.20

Ho

0.15
Macerata, Italy
Salisbury .Zimbabwe
Montreal .Canada
Bulawayo, Zimbabwe

Barbaro et at eqn.7
Iqbal eqn.
This work eqn. 8

i

0.2
.. J

0.4 0.6

S/Sr
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