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Dear students, today we will learn about the estimation of monthly average of daily diffuse
radiation, then monthly average of hourly global radiation, monthly average of hourly diffuse
radiation and then global beam and diffused radiation for clear skies and then we will learn
what happens to the tilted surfaces. Before we start our today’s discussion, let us summarize

what we have discussed in the last class.
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Summary

* Need of correlation

+ Classification of weather

+ Calculation of monthly average of daily extra-terrestrial
radiation

+ Different correlations for estimation of monthly average of
daily global radiation



So, in the last class we have studied the need of the correlations for estimation of radiations.
That means, we have studied the estimation of monthly average of daily global radiation and
the classification of weathers, how these weathers can be classified, like clear sky or cloudy
skies and then hazy, then partially hazy, all the informations we have studied and also we

have done the calculations of monthly average of daily extra terrestrial radiations.

So, how this can be calculated and finally how this monthly average of daily extra terrestrial
radiations can be used for calculation of monthly average of daily global radiation, that was
discussed in the last class.
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Estimation of

a) Monthly average of daily diffuse radiation

b) Monthly average of hourly global radiation Cloudy Skies
¢) Monthly average of hourly diffuse radiation

d) Hourly global, beam and diffuse radiation

under cloudless skies

(¢) Radiation on tilted surface

— — — —

Let us discuss our today’s topic on estimation of monthly average of daily diffuse radiation
followed by monthly average of hourly global radiation, then monthly average of hourly
diffuse radiation. So, these three falls under cloudy skies. So, we will study the correlations
developed by ASHRAE which is suitable for estimation of hourly global, beam and diffuse
radiation under cloudless sky. Also, we will study radiation on tilted surfaces which is very,

very important because this is more practical.
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Relationships for Cloudy skies

+ Monthly average daily diffuse radiation
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So, as we see the correlations for estimations of monthly average daily diffused radiations.
There are host of correlations developed by many researchers. So, as you can see Liu and
Jordan developed a correlation, which relates monthly average of diffuse radiation to the
global radiation that is monthly average of global radiations is a functions of monthly average

of daily global radiation to the monthly average of daily extra terrestrial radiation.

So, its a cubic expression. So, this sometimes we can represent as monthly average clearness

H
index. So, we can represent kr is something like HTQ So, this gives monthly average

clearness index. So, there are correlations where people have used this expression for
representing monthly average clearness index. And the correlations developed by Modi and
Sukhatme, this is something like Ha/Hg, Hq iIs nothing, but monthly average of daily diffuse
radiation to the monthly average of daily global radiation is functions of Hg/Ho, that is
monthly average of daily global radiation to the monthly average of daily extra terrestrial
radiation. So, this is something like kr, that is monthly average.

Also, Gard and Garg, they have developed a correlation of something like this. They have
related this Ha/Hg is a function of S/Smax. So, there are lots of correlations to estimate the
monthly average of daily diffuse radiation. So, | would like to show the correlations which is
now available, some of the correlations, which are extensively used for estimation of this

monthly average of daily diffuse radiation.
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Relationships for Cloudy skies

+ Monthly average hourly global radiation

Collares-Pereira and Rabl )

—
—

L=t (a=heosa)

r . Vo
i a= 0409+ 0:5016sinle, - 60°)
¥

p— 2 - o - \
/ b=0.6609-04767sinlmr, -60° | )

* Monthly average hourly diffuse radiation

A
7w A

—

\

Liu and Jordan %

=il
=

|
o)
\_/

. —

And for estimation of monthly average of hourly global radiations, so these correlations are
reported to be used in many of the cases. So, a, b values are given here, how this can be
calculated. Also, one correlation developed by Liu and Jordan, this is something like that. So,
this lg is something like monthly average of hourly diffuse radiation and this is monthly

average of daily diffuse radiation.

So, this part is known to us so finally we can use these correlations for estimation of monthly
average hourly diffuse radiation and this is for monthly average hourly global radiation. So,
there are host of correlations available. So, what | have shown here, these are some of the
selected correlations which is extensively used for estimation of monthly average hourly
global radiation and monthly average hourly diffuse radiation.
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Terrestrial region

+ Clearness index parameters

~ Hourly cleamess index (%, - 1): ratio of hourly data of solar radiation in the terrestnal reglon to |
hourly data of solar radiation'in the extra lerrestrial region I(t).

[
= \

~ Dally cleamess index (. - _.) ratio of daily solar radiation in the terrestrial reglon to the datly '
solar radiation in the extra 'errestrlal reqxon for that day.

- Monthly clearness index (€ - i " ratio of monthly average solar radiation on a horizontal
surface in the lerresznal region to the momhly average extra terestrial solar radiation.

And as far as clearness index parameters are concerned, so there are certain cases like hourly

clearness index, which is represented by kr. So, there is no bar on it. k; :IL’ which is the

0o
ratio of hourly data of solar radiation in the terrestrial region to the hourly data of solar
radiation in the extra terrestrial region. And the second case, sometimes daily clearness index

is also defined by k; :Hi' And which is nothing, but the ratio of daily solar radiation in the

0

terrestrial region to the daily solar radiation in the extra terrestrial region for that day.

And finally, since we have already used this monthly clearness index which is nothing, but

k; =—=. This is the monthly average of solar radiation on a horizontal surface in the

T x|

0

terrestrial region to the monthly average of extra terrestrial solar radiation for that day. So,
these informations are sometimes required as far as correlations in estimating daily global

and diffuse radiations are concerned.
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Relationships for Cloudless skies
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A. B and C are constants whose values have been
determined on momh Wi ise basxs

Now, let us learn one very interesting correlation for estimation of radiation, that is global
and diffuse radiation for cloudless sky, that is clear skies and this is suggested by ASHRAE.
ASHRAE is nothing but American Society of Heating, Refrigerating and Air Conditioning
Engineers. They have developed a model of something like this and here before I discuss this

let us learn something this.

So, as we already know Ig is global radiation is sum of beam and diffuse radiation. So, this
beam radiation we can write Ipn €0S 0, so this Ipn is the direction of the, this is the solar beam
lon 1S the ray direction, the intensity of radiation or solar flux in the direction of the solar

radiation and this angle is 6. So, this is nothing, but Iy which is Ipn cos 6.

As we know | =I,+1, and we already developed what is Ip then we can substitute I» here in
this equation then I =1, cos &,+1,. So, this expression we are known now. Now, this

ASHRAE has developed this model and this Ion is something like A, this is constant. This
value is defined for a particular month, so for 12 months, there are 12 values of A, people

have already calculated.

And of course, if we are very particular about a day, we can do interpolation and we can
calculate the value of A, B and C. So, this is the correlation they have developed and we can
straightway use it for calculation of I,n. Once we know Ipn, then we can calculate what is Iy by

using this expression; and once we know this Iy then we can substitute here also we can



calculate Iq from here and we can substitute here, then finally we can calculate what is global

radiation, hourly global radiation falling on a horizontal surface.

You should remember that this correlation is also applied for horizontal surface, radiation
falling on a horizontal surface. But this is for cloudless sky, there is no cloud, this is on a
clear day. So, this A, B, C values are constant whose values have been determined on month

basis.

Why this is so? Because this weather is changing and because in seasonal effect and then sun-
earth distance is varying; because of that, these values are varying.
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Values of the constants A, B, and C used
for predicting hourly solar radiation on

clear days
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Let us see the variations of those values. So, for the case of January, its values will be 1201
W/m? and B value will be something like this, C will be something like this 0.103 and then
February it is 1183, then March 1164 that way we can see the different values of this
radiation. Suppose, if | am interested in between then we need to do say interpolation; then

only we can correctly estimate the global radiation falling on a particular horizontal surface.
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Ex.M2_L2 Estimate the hourly global, beam and diffused radiations
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Let us take an example. So example goes something like this. Estimate the hourly global,

N

—_—
135 1l

beam and diffused radiation at Guwahati. So, this is the latitude and longitude of Guwahati
and we are interested to know this variation between 10 to 14 hours local apparent time on
May 15, 2019 and also compare this data with measured values given in the following table.

So, measured values are given for global radiation and diffuse radiation.

If we know these global and diffuse, of course we can find out what will be the beam
radiation. So, for calculation of this if we write solution here, what do we need, we need ¢

here, we explain how this ¢ can be applied. So, ¢ will be something like 26° 9¢. So, this will

be (26+6%j, so which will be equal to 26.15°. Now ¢ is known and 3, if we have to find out

o; already we know the equation 23.45 many times, we have written this expression

23.45sin @(284+ n)|.
365

So what is n now? n is May 15, so then what we need to do? January 31 then we have 28
because 2019 is non leap year then we have 31 January, February then we have March then
we have April and May 15. So, if we add it, it will be 135. So, if you substitute this n here
then what you will get and do this numerical and it will be 18.79°. So, delta will be 18.75°
and ¢ is already we have done 26.15°. So, these values are known to us now. Now, we need

to calculate what is cos 0.
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So, we already know this expression cos 6; is equal to when B =0 and it will be in due south;

SO sin &sin ¢ +c0so cos¢ cosw. So, if we substitute those values 6 and ¢, & and ¢, so this

cosO will be a function of cos w. So, if we substitute this value, we will get sin 6 value is how
much now 18.79 and we have sin ¢, ¢ is 26.15. Then we have cos 6 = 18.79, then cos ¢ =

26.15 then we have cos o.

So, if we do the calculation it will be something like (0.141956 + 0.8498 cos o). So, this cos
0; we have evaluated now; it will be something like this. So, this o because in this case what
we need to do; we need to take the average hours and before we take the calculation, let us

calculate the value of A, B, C.

So, in our problem it is given in the month of May 15. So, if we go back to this slide this
slide, so which is May 15 so in between so April and May right, these two months we need to
consider. These two months we need to consider and we need to do interpolation. Say for
example, for 15 May 15, what we will do, so we will use this and this for A. Suppose for A
what we will do this is a decreasing trend.

. So, if we do this calculation then it is found to be 1110.8

So, (1130—Mx24j

W/m2. So this 30 is, for this difference is 30 and then we will have 24. So, 24 is that

difference in days it is 15 + 9 so this 15 + 9 is 24 so that way we can calculate.

And for similarly, for B, what value we will get is 0.174. This is constant there is no unit and
for C, this value will be 0.128. So, 0.128 then 0.174 and then we have 1110.8. These three
values we will consider in our case. Now what we will do, since we have to calculate for
three omegas. So, what we will do, we will take average of this, maybe 10 to 11 so as you

know ® so the solar noon, this is solar noon.

So, this maybe at 12 o’clock, 11 and then we have 10 then maybe we have 13:00 hours then
we have 14:00 hours. So, this is 15° and then we have this is also 15. So, if | am interested to
measure o in between 10 and 11 then we will make at the center, so it will be 15 + 7.5. So,
this will be 15 + 7.5 and this will be 7.5 and this will be again -7.5 and this will be +15, sorry
this will be -15, so this will be -7.5.

So, these are the o values. So at different omegas we need to find out cos 6. So, this will be

we have 22.5 and this will be minus 22.5. So, now if we substitute say cos 0, at 22.5, this is



degree; so this will be in degree. So, I will write here as well this will be in degree, this will
be in degree, this will be in degree, this will be in degree. Now if we substitute this value then

in this value is found to be 0.927 and we can calculate for all the values.

So, cos 0, at 7.5 this is o degree. So, this will be 0.9844 and same values we will get at -22.5
and at -7.5. So, these values will be same; so cos 6; at this angle cos 6, for -22.5 is again
0.927 and cos 6, at -7.5 is again 0.9844. So, we have calculated these values and then what

we need is Ipn. So, already we know how to calculate this Ipn because we are familiar with the

! ( _B j
expression Aexp :
cosé,
So, we need to calculate for different cos 6. So, we can use it for say, for example,

| =1110.8exp —0.117
0.927

bnat22.5°

j:9l7.75 W/m? . So, we can convert it to kJ/m?hr,

We can convert it by multiplying this into 3600. So, if we multiply this expression with 3600

then hour unit will be kJ/m?-hr. Then, | =1110.8exp(— 0.117
0.9844

bnat7.5°

j:928.01W/m2 :

Similarly, if we are interested to get in terms of klJ/m2-hr then we have to multiply this

expression with 3600. Then what we will get in kJ/m?-hr.

And these values are same for minus 22.5° for this and then minus 7.5° of ® or hour angle.
So, these values will be same and we need to know what is l4, we can use the correlations
developed ASHRAE, this Cxlpn. Since, already we have calculated Ipn then we can substitute
this value and also we know what is the value of C that is 0.130 and then we have Iy, is
917.75.

S0, ® = 22.5° or - 22.5°. So, this will be equal to this is equal to 119.30 W/m?. And, similarly
for w is equal to lq is equal to 120.64 W/m? when o = 7.5° or -7.5°. So, since we know g

value now and Ipn value at different angles, then we can calculate what is Ip.

(Refer Slide Time: 24:57)
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So next calculation will be Ib. So, I = Ipn cos 0. So, if ® =22.5° or - 22.5°, so value of Iy, will
be 850.75 W/m? and I, value for when o = 7.5° or -7.5°, it will be 913.53 W/m? and o = 7.5°

or -7.5° So, once we know this Iy values then finally what we can do Ig = Iy + lq.

So, we get the two sets of values here, so since values of Ig at 7.5 and -7.5 is same. Similarly,
at o = 22.5% and - 22.5° is same then we will get two sets of Ig values; so Ig = I + l4. So for,
when o = 22.5° and - 22.5° and in second case g is for ® = 7.5° and -7.5°. So, this value is
1034.17 W/m? and this value is 970.05 W/m?.

So, now what we can do, we can generate this set to compare the measured results and
predicted results. So, these are the timing in between 10 to 11, so we will have this ®, 11 to
12 will have 7.5, then 12 to 13, -7.5 and 13 to 14, -22.5. So, global radiation which is
measured is given here and estimated values are something like this, these are the estimated

values.

So, this unit is the upper scale unit is W/m? and this is kd/m2-hr, it is hour and this is W/m?,
this is W/m?, this is kJ/m?-hr and this is W/m? and this is kJ/m?-hr. Just to show the
calculation how this can be done since this is in kJ/m?-hr. So, similar things happens in case

of the beam and diffuse radiation.

So, this is the measured values and this is the predicted values, this is the measured values for
diffuse radiation and this is the predicted values for diffuse radiation. So, from this

calculations so what we can see, so if we see the beam radiation what is predicted by this



ASHRAE model is higher predicted. So, measured was 2500, but this prediction is 3062; so

this is a higher prediction.

And similarly in this case also when o= 7.5, so it is 2600 its about 3289. So, in case of
diffuse radiation, it is under predicted what you can see here. So, original value is 570 we are
getting 434; that is under predicted. So, this is the reason why we cannot use a single
universal approach or correlation for estimation of hourly radiations on a clear day. We need

a location specific correlations for estimation of those radiation precisely.

Because this concentration of molecules in the Earth atmosphere is not uniform, that is
anisotropic. So, most of the cases isotropic distributions is considered for analysis. So, in this
model, exponential prediction model is used; that means that beam radiation when it travels,
so it take care of that distance travelled by the beam radiation. So, summary of this problem
is that so we need a location specific correlation for estimation of radiation on a clear day.

Of course this is valid for other correlations developed for cloudy skies. So far what we have
discussed about the different correlations used for radiation estimation of horizontal surfaces.

Now we will learn how this solar radiation can be estimated in case of tilted surfaces.
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Solar Radiation on tilted surface

+ Beam Radation .~/

+ Diffuse radiation |
- oy
+ Reflected radiation \ b,

+ Flux on tilted Sur_f_a&e |

So, in order to find out the radiation flux on a tilted surface, we need to consider three
parameters like beam radiation, diffuse radiation and reflected radiations. So, this is the
exception for tilted surfaces. So, these earlier correlations were on the horizontal surfaces,
now it is on tilted surfaces so certain beta will be there or tilt angle will be there. So, now we
will learn how this flux can be estimated.

(Refer Slide Time: 31:32)
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So, here as | said there are three components like beam radiation, then diffused radiation and
reflected radiation. So, we need to define some kind of parameter called tilt factor. So, tilt
factor for beam radiation, tilt factor for diffuse radiation and then tilt factor for reflected



radiation. So, in case of beam radiation, how do you define it? So, this tilt factor is the ratio

of beam radiation flux falling on a tilted surface to that falling on a horizontal surface.

So, this is defined as tilt factor so this is something like if we designate ry as tilt factor. So,
this is something like Iv'/lp. So, this Iv" is nothing, but Iy cos 0; so 6 here and then we have Ipn
cos 0. So, this is for horizontal surface as we can see what happens here, this is the

perpendicular when sunrays is falling, it is perpendicular to the horizontal surface.

And here in case of if radiation is coming this way and this is the angle and if it is inclined
then it will be perpendicular to the inclined surface. So, this angle is 6 and earlier case it was
0. So, in the horizontal surface 6 and 6 are same. So, this lbn cos 6 and lbn cos 0;; S0 this lpn
is the intensity of solar radiation flux is same, so we can remove this then this will be, finally

the expression will be cos 6 to by cos 6, cos 0 to cos 0;.

So, cos 0 is angle of incidence and 6, is the azimuth angle. So, if we consider B because
certain B will be there because of this slope, so this angle is B. So, if we introduce there then

the expression will be something like this, Sm-0°!" (¢—p)rcosscoswcos(p—f)

sin ¢ sin & +C0S ¢ COS & COS W

So, if we know B and other angles then straightway we can calculate what is the tilt factor for
beam radiation. Similarly, we can calculate the tilt factor for diffuse radiation, which is
defined as diffuse radiation flux falling on a tilted surface to that falling on horizontal surface.
So, this is how this tilt factor for diffuse radiation is defined. So, this expression is something

like r, =1+C;Sﬂ.

This is also known as radiation shape factor for the tilted surface with respect to the sky. So,
what assumption is here, this sky sky is isotropic isotropic. So, even though this atmosphere
is different at different locations, but it is assumed that this is sky isotropic and is diffused
uniformly diffused radiation is falling on the inclined surface. So, why this inclined surface
so important because in most of the cases this inclined surfaces are used for harvesting solar

energy.

So, for example flat plate collector, so we have to install it at certain angles. So, that is how
this is very, very important solar radiation on tilted surfaces. And then next parameter is



reflected radiation. In case of reflected radiations, we will define this ry, so r; can be explained

something like r =2 1=€0/) (L—cos j)
r 2 .

, but here radiation shape factor is something like
So, this is known as the radiation shape factor, radiation shape factor of the tilted surface with
respect to the surroundings or ground. So, because as you know there are three components
this is the additional component, which is introduced here when we are interested to measure
solar radiation on tilted surfaces. So, what happens here, we need to consider p here and also
we need to consider or assume that our reflected radiation when beam radiation when beam

radiation and diffuse radiation falling on the ground and it is reflected, right it is reflected.

So, it is assumed that this reflected radiation should be isotropic and diffused and this
reflectivity need to be considered. When we introduce this p, then and we use it here in this
expression, this expression will be something like this and this is nothing, but tilt factor for
reflected radiation. So, now when we are interested about flux on tilted surface, then we have
to follow this expression and which is coin by Liu and Jordan.

So, this is Iy is the beam radiation intensity, Iq is the diffuse radiation intensity and ry is the tilt
factor for beam radiation, rq is the tilt factor for diffuse radiation then this (o + lq), which is
nothing but global radiation multiplied by r; this rr is nothing but tilt factor for reflected
radiation. So, now what | am interested is about the ratio between this flux on tilted surface to

that on horizontal surface. Let us see what happens there.
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So, let us see this Iq is the flux received by the surface received by the horizontal surface
received by horizontal surface. Now as we already defined what is I,

I =1, + 1,5, +(1,+1,)r. and also we know what is lg, Ig = Ip + la. Now, if we go back to the

earlier slides, maybe we can name this as equation 1 and this maybe equation 2 and this

maybe equation 3 and finally this maybe equation 4.

Now if we take this maybe equation 5. So, this expression already we know, now if we make

. . . I | I I +1 .
something like It by Iq then what will happen? So, I—Tzl—b rb+|—"rd +% r.. So, since we

¢} 9 ¢} [¢]
know this Ip + Iq is lg, SO we can get Iq by Ig is 1 and here Iy is nothing but Ig - l4. So, this I =

Ig - Id.

So, if we divide this by Ig then what will happen, this will be [1—'—"er+l—“rd +1,. So, this
I I

9 9
will be equation number 6. So, this equation says that the total radiation received on a
inclined surface to the horizontal surface. So, sometimes what happens, we might be
interested to investigate this daily or say what is called monthly average of hourly radiation

flux, which are interested sometimes.

So, that can also be calculated. So, if we, so this equation what | mean to say, so this equation
will give instantaneous solar radiation flux and same equation can be used for if we are
interested about hourly radiation. But, sometimes we are interested to estimate the radiation
on average basis maybe monthly average of hourly radiation flux received by the inclined

surface.

So, under that condition, what we will do, we will put a bar on it here and then we will have

hourly radiation and this will give hourly radiation hourly radiation. We should keep in mind
that if we are calculating for hourly and then if we consider maybe 10 to 11 o’clock then at
the mid of the time, we need to consider for maybe 10:30, we need to consider for evaluation

of o or hour angle. That we should keep in mind.

And this expression is for monthly average of hourly radiation, that is total radiation flux

received by the inclined surface. And on the top of it, sometimes the researchers are



interested to know how daily variation of solar flux is varying or say daily variation is

required for some kind of calculations.

So, if this is so then what we will do, we will just use Ht and Hg and this is for daily. So,
daily this flux which is received by the inclined surface, so that can be calculated by using
: : - o Hp H, H, .
this expression, so this will be something like —=|1-— R, +—%R, +R,. So, this is 8.

Hg Hg HQ
So, now how to calculate this Ry, so this is tilt factor for beam radiation when we are

interested for daily radiation flux.

So, how to do that, we need to integrate this over timing so that earlier equations, so already

we know r, = cos 6 /cos 6, and expression is also known to us.

[[sin &'sin (¢ — B)+cos 5 cos wcos (4 — B)]dt

So, -
[(sin §'sin ¢ + cos & cos wcos ¢ )dt
Already we know this t:%x@. So, this will be something like t:12_a) and this dt will be
T Vi

12 . . .
dt=—dw. So, using this in this equation we can, what we can get?

T
We can change the integer and we can integrate from -ws to +ws, -os to +ws. S0, this is for
sunrise, so ws is for sunrise and sunset for inclined surfaces and this is for horizontal surfaces.
So, if we substitute here and do the integration then what we will get,

2a,[sin 5sin (¢ — 8)+2cos 5sin wcos(p— )]
2(wsin 5sin ¢ + 2cosSsin wcosg)

So, this 2 is common. This 2 we can take common we can take common here and we can rub
this and this will be something like this and again we can take this and we can rub this. So,

@, sin 5sin (¢ — 3)+cos 5sin o, cos (¢ — f3)
(wsin 5sin ¢ + cos5sin wcos @)

finally what we will get, R, =

So, this ws is for sunrise or sunset when the surface is tilted and this is for horizontal surface.

This o stands for horizontal surface. So, this Ry can be calculated by using this expression.

(Refer Slide Time: 49:33)
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And what about Rq, so R, = . This will not change, only it will vary with respect to,

but for other case Rp so depending upon the inclination, expression will vary. So,
R, M and this expression is for daily. Sometimes it may so happen that researcher

want to know how this monthly average of daily radiation is varying.

So, under that condition, what we will write, so the expression will be

H, |5 - : = :
(1—H—]Rb ¢ R, +R, . So, this R value so this R, will be R on a representative day
9 9 9

I|‘ I
I|‘ I

on a representative day and this R, is equal to Rq and R is Rr. So, what we understood by

using this expression, what we can calculate is the monthly average of daily radiation flux

received on a tilted surface.

So, these different conditions we need to understand, then only we can calculate as per our

requirement.

(Refer Slide Time: 51:57)
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So, let us take one example to strengthen our understanding on calculation of say monthly
average hourly radiation falling on a flat plate collector. So, we will discuss those flat plate
collector when we study solar thermal systems, so this will be installed at a certain angles.
So, if we consider this is a flat plate collector, this will be installed at certain angles. So,
always we need to maintain that and of course this angle will be different for different cases

or different locations.

So, now let us solve this problem. So this example goes something like, calculate the monthly
average hourly radiation falling on a flat plate collector and this facing is due South. So, if it
is facing due South than y = 0. That is obvious, we have discussed this matter why y = 0 and
slope is 26°. Given data are something like location is New Delhi and October, so when we
say month October so we should consider 15™ of October as per Klein’s recommendation.

And time is given as, so we need to find out the radiation in between 11 to 12, so we will
consider means 11:30. So, reflected radiation p= 0.2 normally this is considered for glass
surfaces and Iy value and Iq values are given to us. So, what we need first, we need to know
what is n? So, we know how to calculate n. If you start from January, so it is 31, then we
have 28, then we will have 31 so January, February then March and then we have April, then
we have May, then we have June, July July, August, then we have September, then we have
October 15. So, this is October.



So, if we add it, then this is found to be 288. So, this n is known to us now, this is 288. So,

once we know n, then what we can calculate? We can calculate declination,

360
(

5=23.45sin {365 284+ n)} . So, this n is now 288.

So, if we substitute it then what we will get, it is about -9.599°. So this is something like this.
Now since we know n and 6 and what we need again, it is ¢. So, what will be ¢? This 28° 23’,
so it will be (28 + 23/60); so which will be equal to 28.38°. So, now we know ¢ also and once

we know & and ¢, then we can calculate what is rp; So r, we can calculate.

(Refer Slide Time: 56:10)
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sin §sin (¢ — 8)+cos 5 cos wcos (¢ — )

- - . And then
Sin ¢sin o + C0S & COS @ COS ¢

So, rp already we know the expression, r, =

what is o here, we have not done this; so  will be 7.5. Because this is solar noon and every

one hour is 15°.

So, if itis 12 o’clock and this is 11, so this is 15°. So, as we said since we need to consider in
between these two then it will be 7.5°, so o = 7.5° for this case. So, we substitute the value of
3, ¢, B and o and we will get a value of r, = 1.242, this is r,. And rq value, rq value rq value we

1+cos g

can calculate; how we can calculate? Already we know, r, =



So, B is known, T, :%:0.94393. So, this is nothing but rq. So, rq is also known, now

pli-cos )

we will calculate what is r. So, r. = ; this is equal to 0.0101. As you can see this

contribution of ry is very, very less. So, reflected radiation is very, very less. So, most of the
cases this can be discarded, but if reflected radiation is somewhat significant, then of course

we need to consider this.
And now we will apply our, that relationship for calculation of monthly average of hourly

- o : R | ] ]
radiation for this tilted surfaces. So, expression was something like — :£1—_—]rb + I_—“Fd +

So, what happens in this case, this rq is equal to . This is nothing but 1, and this is nothing
but 1. and on representative day, this is nothing but ;. So, we can utilize these values and we

can do the calculations now. So, this will be something like (1 - l4/lg) values are given, so it is
986/2350 and then we will have ry is already calculated this is 1.242.

Then we have Iq 986, 2350 multiplied by we will have 0.94393 to be precise and we will have
0.0101. So, if we do this calculation, this is found to be 1.1261. So, since lg is known to us
then we can calculate the radiation what is received on the incline surface; which is 1.1261
multiplied by lg value is 2350 which is equal to 264644 ki/m?-hr. So, this I+ value is
calculated to be 2646.44 k/m2-hr.

So, this is the procedure by which we can calculate the radiation flux received on a inclined
surface. So, there are numerous condition may rises for calculation of this I, or maybe H; .

Accordingly, the researcher should decide the kind of correlations to be used for estimation
of radiation.
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So, let us summarize what we have discussed in this lecture. So, we have studied different
correlations for estimation of monthly average of daily diffuse radiation, monthly average of

hourly global and diffuse radiation on horizontal surfaces and cloudy skies. Also, we

understand how we have calculated H, for those cases, for estimation of all those radiations.

And we have studied correlations for estimation of hourly global beam and diffused radiation
on horizontal surface when sky is clear. So, under this condition, we have studied ASHRAE
model. So, American Society of Heating, Refrigerating and Air Conditioning Engineers.
They have developed a correlation for estimation of hourly global beam and diffuse radiation

on a clear sky and which is applicable for horizontal surfaces.

So, in this case what we have studied. So, here Ib“_AeXp£c039

B J So, this is horizontal

surface so this should be always cos 0,. This A and B values were calculated from a chart
which is available for monthly basis and this Iq was calculated something CxIpn. So, this lpn is

known to us because this is the radiation flux which is coming from the Sun in that direction.

So, suppose this is something like this, this is the lpn, direction of the Sun ray. And also we
know, this Ig = Ip + Iq and this I is nothing but (lbn cos 6, + l4). So, once we are done with Ipn
and then lg, then we can use this relationship for estimation of global radiation. Also, we have

concluded by solving a problem that this correlation is overestimates the beam radiation and



underestimates the diffuse radiation. So, we need some kind of correlation for location of

specific correlation, we need for estimating this radiation correctly.

And then finally we have learned, how we can estimate the total radiation which is falling on
an inclined surface. So, there are many cases maybe instantaneous cases, maybe hourly or
maybe monthly average of hourly or maybe daily or monthly average of daily. There are
many conditions which may arise based on the situations. So, all the conditions we have
addressed in this lecture. And also we have solved numerical problems to strengthen the

understanding on the topic.

So, thank you very much for watching this video.



