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Aquecimento Solar
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Nevada Solar Thermal Plant Breaks New Ground

350-acre solar power
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Térmica de Edificacoes
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Vista Aérea da Plataforma Solar de
Almeria

http://www.psa.es



http:/ /peswiki.com/index.php/Directory:Solar_Tower

200 MW Solar Tower is planned to commence construction in Australia in 2006, at
Burronga Station, in the Riverland area of New South Wales


http://peswiki.com/index.php/Image:Solar_Chimney_Australia_300.jpg
http://peswiki.com/index.php/Image:Solar_Chimney_Australia_300.jpg
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50kW prototype Solar Tower plant

4
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Transferéncia Calor para o ambiente

m-Transferéncia por Radiacao
A-Transferéncia por Conveccao
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Sir William Crookes (1832-1919)

m Professor Crooks' principle
lectures and papers on the
fourth state of matter, that 1s
to say, plasma. The matetial

was presented in 1878 &

1879pbefore the Royal Society
of London and British

Association for the

Advancement of Science.




Crookes Radiometer and
Otheoscope
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Transferéncia de Calor por Radiacao
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Figure 2-5: Soda-Lyme Glass Spectral Transmittance
http://www.omega.com/literature/transactions/volumel/theoretical3.html
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vacuo,

c=c, =2998 x 10° m/s



Caracteristica Espectral
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Poral10
Poral20

Poral30
Poral40

Wavelength 2pum 3pum 4pum 5um
Measured = . A .
Predicted | .

m  Figure 6. Comparison of measured and gredicted spectral directional
emittance of Poral20 gL=2.93 mm, fr= 0.730,
d= 200 um, and T= 917 K.
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Fig. 1: Rappresentazione schematica della trasparenza atmosferica alla radiazione infrarossa cosmica in
corrispondenza di varie altezze dal suolo.
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Angulo Plano

dl




Angulo Sélido

do de um hemisfério = 2x
dw de uma esfera = 4n

—O angulo sélido tem unidade esteradianos (st).



http://en.wikipedia.org/wiki/Image:Steradian.svg
http://en.wikipedia.org/wiki/Image:Steradian.svg

Directional Considerations

Emitted
radiation

Directional
distribution

- Coordenadas esfeéricas: angulo polar (zenite), 6, dAh
e angulo de azimute, ¢ . do ="



d :
dA =r’singdédg da)zr—@‘:sm@dedq}

— O angulo sélido de um hemisfério completo é:

2z (ml2
a)hemi:fo jo Sin 8d@d ¢ = 2zsr



Intensidade Espectral , I, .

- A Intensidade espectral € a unidade utilizada para especificar fluxo radiativo
(taxa transferida de energia radiativa por unidade de area normal) por unidade de
angulo solido em um intervalo de comprimento de onda:

dg
I/I,e (/1"9’¢) (dA& F— 6’)da)d/1 (Wrm?.sr. um).



 Ataxa radiativa e o fluxo radiativo associado com a emissao de uma superficie €,
respectivamente:

dg, = e 1, .(4,0,4)dA cosOdw

dg; =1,,.(4,0,¢)cosOdw =1, (4,0,4)cosdsin0dod¢



poder emissivo espectral (W/m2 : ym)

2z ¢rl 2
E,(A)=], I3 " 1,.(4.0,)cos @sinadad s

-poder emissivo total (Wim?)
E=], E,(2)d2

«Para uma superficie difusa — emissao isotropica
E,(1)=xl,.(1) E =7l




Radiation Fluxes (cont)

(Wim? . m)
27 7[/2
=115, (2,6,¢)cos @sin adad 4
(W/m )
G=].G,(1)dx

e Aradiosidade é
g Radiosity
Emission 4

Irradiation
Reflected

* | j?;.”": portion of
/irradiation




(Wim? . um)

2w cxl 2
3, =11, 7 1,...(1,6,4)cos @sin 6dadg

(wim?)

1=1,3,(2)da



—Emissor ideal (difuso) em relagcdo a sua temperatura.

— Absorvedor ideal.

« Cavidade Isotérmica (Hohlraum).

Diffuse emission
1)», g I)V. )

Isothermal surface, T
(b)
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perator calibrates a transfer standard (lower foreground)—an infrared

thermometer with 0,1°C resol

stion—with a blackbody calibration source
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FIGURE 4. For calibrating thermal imaging
systems or mapping and surveillance equip-
ment, or for long-path spectrophotometers, a
calibration source requires a large target area.
Source (on the right) area is 305 mm square;
the controller is on the left.




Cl
2°| exp(C,/ AT)-1]

E;p (A4,T)= 7l VARE

First radiation constant: C, =3.742x10°W - um*/ m?
Second radiation constant:C, =1.439x10* um- K
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Lei de Wien
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« Poder emissivo total:

Eb = 7Z-Ib :.[Ooo E/”L,bd/,i = O'T4
— Leide
o =5670x10"° W/m?-K* >

 Fracdo da emissdo total de um corpo negro no (L <A<4)
- _r  _p _lE,di-I2E,da
(B-%) — " (0-&) " (0-&4) — oT°
onde, em geral,
JPE, . dA
=" o7 (4T)

0 4 8 12 16 20
AT x 1073 (umeK)




« Table 12.1

TABLE 12.1 Blackbody Radiation Functions
A B P e e A e e B T T A S e e A O S A S AR IFRp

AT I, ,(\, Do T? I, (N, T)
(nm - K) Fo_» (pum - K -sr)”! Iy, 5N maxs T)

200 0.000000 0.375034 X 10~% 0.000000

400 0.000000 0.490335 X 10713 0.000000

600 0.000000 0.104046 X 107® 0.000014

800 0.000016 0.991126 X 1077 0.001372
1,000 0.000321 0.118505 X 107° 0.016406
1,200 0.002134 0.523927 X 107 0.072534
1,400 0.007790 0.134411 x 107* 0.186082
1,600 0.019718 0.249130 0.344904
1,800 0.039341 0.375568 0.519949
2,000 0.066728 0.493432 0.683123
2,200 0.100888 0.589649 X 0.816329
2,400 0.140256 0.658866 0.912155
2,600 0.183120 0.701292 0.970891
2,800 0.227897 0.720239 0.997123
2,898 0.250108 0.722318 X 1.000000
3,000 0273232 0.720254 X ' 0.997143
3,200 0.318102 0.705974 0.977373
3,400 0.361735 0.681544 0.943551
3,600 0.403607 0.650396 0.900429
3,800 0.443382 0.615225 X 0.851737
4,000 0.480877 0.578064 0.800291




Tabela 12.1 Fungées da radiagao do corpo

e I, oA, Do T?* L X D)
- K T m - K -sr)! T LT
(pem ) (0 A) (e ) I,\, h()\m.n, 7)

200 0,000000 0,375034 x 10 %7 0,000000
400 0,000000 0,490335 x 10 0,000000

600 0,000000 0,104046 x 10 0,000014

800 0,000016 0,991126 x 10’ 0,001372

.000 0,000321 0,118505 x 10 ° 0,016406

.200 0,002134 0,523927 x 10°° 0,072534 ” goree

400 0,007790 0,134411 x 10 0,186082 Tabela 12.1 Fungdes da radiagdo do corpo negro® (cont.)
.600 0,019718 0,249130 0,344904
800 0,039341 0,375568 0,519949 AT I, 4\, DloT? LD
.000 0,066728 0,493432 0,683123 (um - K) By (um - K - s)°! R, T
.200 0,100888 0,589649 0,816329 : L0
.400 0,140256 0,658866 0,912155

600 0,183120 0,701292 0,970891 10.000 0,914199 0,653279 0,090442
.800 0,227897 0,720239 0,997123 10.500 0.923710 0.560522 0077600

898 0.250108 0.722318 1.000000 _
000 0.273232 0.720254 0.997143 11.000 0,931890 0,483321 x 10 0,066913

200 0,318102 0,705974 0,977373 11.500 0,939959 0,418725 0,057970
400 0,361735 0,681544 0,943551 12.000 0,945098 0,364394 0,050448
.600 0,403607 0,650396 0,900429 13.000 0.955139 0279457 0.038689

"800 0.443382 0.615225 0.851737
000 0.480877 0.578064 0.800291 14.000 0,962898 0,217641 0,030131

200 0.516014 0,540394 0,748139 15.000 0,969981 0,171866 x 10} 0,023794
.400 0,548796 0,503253 0,696720 16.000 0,973814 0,137429 0,019026
.600 0,579280 0,467343 0,647004 18.000 0,980860 0,908240 x 107 0'012574

1800 0.607559 0.433109 0.599610
000 0.633747 0.400813 0.554898 20.000 0,985602 0,623310 0,008629

200 0.658970 0,370580 0,513043 25.000 0,992215 0,276474 0,003828
400 0,680360 0,342445 0,474092 30.000 0,995340 0,140469 x 10°° 0,001945
.600 0,701046 0,316376 0,438002 40.000 0.997967 0.473891 x 1077 0'(1)0656

‘800 0.720158 0.292301 0.404671
000 0.737818 0.270121 0.373965 50.000 0,998953 0,201605 0,000279

200 0,754140 0,249723 0,345724 75.000 0,999713 0,418597 x 10°® 0,000058
.400 0,769234 0,230985 0,319783 100.000 0,999905 0.135752 0.000019
600 0,783199 0,213786 0,295973 :
.800 0,796129 0,198008 0,274128 IS SRaNT o o
pob 0. 808165 0°183534 0254050 (f\s :co%n;;azrz)texs c]i(e)!r‘z:/d;ﬁ?(:n l;sdddS para gerar estas fungdes do corpo negro foram
.200 0.819217 0,170256 0,235708 C. = 1.4388 10" e

400 0,829527 0,158073 0,218842 Ty A

.600 0.839102 0,146891 0,203360 0 = 5,670 x 107 Wim’ - K

.800 0,848005 0,136621 0,189143
.000 0,856288 0,127185 0,176079
.500 0,874608 0,106772 0,147819
.000 0,890029 0,901463 3 0,124801
.500 0,903085 0,765338 0,105956

1
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» A emissividade espectral e direcional:

Real surface
I;_ ()\., 9,[) -

I/I,e (1’9’¢’T) . e &,0 hp W)
Iﬂ,b (/I,T) |

£,0(2,0,9,T)

Blackbody, T’
Real surface, T

» A emissividade espectral e hemisfeérica:

E,(A,T) J&5'%1,,(4,0,4,T)cos@sinododg

A,T)= = :
£ (AT) E,,(4,T)  Jg"I5'%1,,(A,T)cos@sinodods




Emissivity (cont)

e A emissividade hemisférica total:

E(T) I &, (AT)E,,(AT)d, A

)
“D=Em) £, (T)

» De maneira aproximada

| Highly polished metals, foils, films

Polished metals

[~ Metals, as received

0 0.050.10 0.15

Metals, as received and unpolished
Metals, oxidized

Oxides, ceramics
Carbon, graphites

Minerals, glasses
Vegetation, water, skin

Special paints, anodized finishes

0.2 0.4 0.6 0.8
Total, normal emissivity, €,




A

E.-
o
=4}

=

carbide, *
1000 K

Alurninum
oxide,
1400 K

*~ Stainless steel, 1200 K
heavily oxidizad

Spectral, normal emisivity

Stainless steal, S0 K
polishad

20 40 60 100
Wawalength, A um)

Silicon carbide

-
-

== Stainless steal,
haavily cxidized

-
-

T, Aluminum cuide

Stainless steal
palizhed

Total, normal emissivity, £,

Tungsten

1500 1900 2300
Temparature (K}




-

Reflection & _—
G: ~Irradiation
A ref : C~

Gy,
Gy = Gy abs + Garet + G e

Semitransparent - _. . . ., Absorption
G/1 = G/I,ref + G/l,abs + G“r medium (€

5 Transmission
¢ (’}Mtr

 para materiais opacos G,v =0.

GA - G/l,ref + G/l,tr



 Absortividade direcional espectral:

I/l,i,abs (1’9’¢)

s (40F) 1,5 (4.6.9)

 Absortividade hemisférica espectral:

2 = G (1) 7[5 a, ,(1,0,4)1,,(A,0,4)cos Osin0dod ¢
(%) G,(1) J7 [2121,,(4,0,¢)cos @sin 6dd ¢

 Absortividade hemisférica total :
Gabs _ r: a,(1)G,(4)d4
G I7G,(A)dA

(94




 Refletividade espectral e direcional :

I/1,i,ref (/1,0,¢)
1,i(4,6.9)

P (/1’ ‘9’¢)

« Refletividade espectral e hemisférica:
Gt (4) 17157 p, o (2,6,0)1,,(2,6,8)c0s Osinodad

A 1,:(4.6.4)

P

 Refletividade hemisférica total :
Gy :jo p,(2)G,(A)dA
G J;G,(1)dA

IOE

6,=0,
Incident ‘ Reflected

ra i ra
,y ; < Y

Reflected
radiation of
uniform

intensity ; - 6 6, .




Percentage of blackbody
Parcentags of solar flux at Flux (20D K at
wavelengths shorter than & wavelangths shorter than &
10 25 50 73 90 125 53 73 20 25
[ | | | | |

L Alumiriurn avaporatsd film

o
Y
o
r=J

Stainless stesal,
as received, dull

=
(e

Human skin, -

Caucasian . — Fuzad quartz over
1 alurminum =ubstrata

=
I

B
=
.-EI
o=
=
ki
=
ol
=
=
e
B
i
=%
L8]

Spactral, normal absorptivity, o 5

e
Fua
=
o

15T
Red brick "F—J"’

Black paint .

]
Cnl CL2 Ccd Oed8 1
Wavelength, &igm)

> Note strong dependence of p, (and &, =1-p,) on A.




A transmissividade espectral hemisférica

] =
1 Lucits,
Y Emm

i
=
(5]
i
cC
m
-]
Il
-]
T
1]
LL
[FF]

High iron
glass, & mim

thick

Wawelength, &i{gm)
« Atransmissividade total hemisferica: «Para um meio semitransparente,

Gy _Jo Giy (4)d4 p,+a,+7, =1

TEG a I?Gi(ﬂu)d/l p+a+7+1




FiGUuRre 12.241

Radiative exchange in an isothermal

enclosure.




;"% e, cos osingdody
b [#[r2cos @sin0dad ¢

2772, 1, . cos Osin0dod ¢
a, = A,
Y 27 [E'21, cos @sin 0dOd ¢

AN CILE
E, (T)
a:ﬁf a,G,(A)dA
G




Solar Radiation

O Sol é uma fonte hermisférica com diametro de 1.39 x 10°m
* € pode ser aproximado como um corpo negro a

« Adistancia da Terra ao Sol varia do minimo de 1.471 x 101 m ao maximo de
«1.521 x 10 m, com um valor médio de 1.496 x 101 m.

» Devido a grande distancia entre o Sol e a Terra pode-se
sassumir que os raios solares chegam a Terra como sendo

eparalelo.
qs = f xS,
Earth
S, — the or heat flux (1353 W/m?) Amopnere
when the earth is at its mean distance from the sun. JESS—— I

f — correction factor accounting for eccentricity
of the earth's orbit (0.97 < f <1.03)



Solar Radiation (cont).

Gs, = f xS, xcosd

« Na atmosfera:;
>

>

Rayleigh
scattering

over the entire spectrum.

Mie
scattering

X Scattered
radiation

Earth's surface

Earth
Atmosphere

|

. Earth
surface
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Solar Radiation (cont).

. of Solar Radiation:
> Is approximately uniform in all directions (
), while is primarily in the direction of the sun’s
rays ( ).

/ Direct

» Directional distribution of radiation
at the earth’s surface has two components. |/ scattered

— . Unscattered and in
the direction € of the sun’s rays.

— . Scattered radiation
strongly peaked in the forward direction.

» Calculation of solar irradiation for a
horizontal surface often presumes the
scattered component to be isotropic.

14
Gs =Gg 4y +Gg 4t = Agir COSO + 7 ¢

Direct

; Scattered
0.1< (Gs git | Gs ) <1.0 LY /N (diffuse
) / A \|//_«— approximation)

L, Clear skies ~— Completely overcast




Terrestrial Radiation

E=coT?

» Emissivities are typically large. For example, from Table A.11.:

Sand/Soil: £>0.90
Water/Ice: £>0.95
Vegetation: £>0.92
Snow: £ >0.82
Concrete/Asphalt: £>0.85

» Emission is typically from surfaces with temperatures in the range of
250 < T < 320 K and hence concentrated in the spectral region
4 < A <40 um, with peak emission at A4 ~10um.

» Largely due to emission from CO, and H,O (v) and concentrated in the
spectral regions 5< A <8 umand A >13um.



Terrestrial Radiation (cont).

» Although far from exhibiting the spectral characteristics of blackbody emission,
Is often approximated by a
blackbody emissive power of the form
G,, =0T,

at sky

Ty, — the

230 K< T,,, < 285 K

N Cold, clear sky /—>Warm, overcast sky

« Can water in the natural environment freeze if the ambient air temperature
exceeds 273 K? If so, what environmental conditions (wind and sky)
favor ice formation?



Surface Properties

» Concentration of solar (0.3< A <3um) and terrestrial (4 < A <40um)in
different spectral regions often precludes use of the gray surface approximation
(e#ag).

Stainless steal,

a5 received, dull

Human skin,
Caucasian ;e Fuz=d quartz over
1 i aluminum substrate

Spactral, normal absorplivity, @y,

B

=N
i
=
o
E
=
]
B
F

=
7]

! :
Red brick f—a"" |£20]

Black paint | .7
1.0
40 &0 100
Wavelength, Aium)

> Note significant differences in p, and «, for the two spectral regions:

> In terms of net radiation transfer to a surface with solar irradiation, the parameter
as [ € has special significance. Why?



Surface Properties (cont).

Surface
Snow
Human skin
White paint
Black paint

Evaporated Al film

asle

0.29

0.64

0.22

1.0

3.0




Capitulo 13 — Fator de Forma



View Factor Integral

- The view factor, F;,isa geometrical quantity corresponding

to the
S
A,
* The provides a general expression for F;. Consider exchange

between differential areas dA and dA,; :

cosH cos 4.
dg,_,; = l,cos6dAdw, ; = J; LdAdA,

= 7R?

L dAdA,

_1 Ccos 6, cos 6.
j ‘[AJ 7R?




Basic Concepts

. consist of two or more surfaces that envelop a region of space
(typically gas-filled) and between which there is radiation transfer.
as well as real, may be introduced to form an enclosure.

« A within the enclosure neither emits, absorbs,
nor scatters radiation and hence has no effect on radiation exchange
between the surfaces.

« Each surface of the enclosure is assumed to be , ,
and , and to be characterized by and



View Factor Relations

. . With
_1 Cos 6, cos O,
ALy g oA

AiFij = Aj Fji
. for Enclosures.

\

> k=1

j=1
. (Table 13.1) For example

An Infinite Plane and a
Row of Cylinders

IR




VIEw Factor relations
(cont)

. (Table 13.2).

Coaxial Parallel Disks

F, :%{S —[SZ —4(rj /ri)zT/Z}

1+ R}
R’

S=1+

R=r/L R;=r/L

04 06081
Lir;

For example,




Blackbody Enclosure

» For a blackbody, J, = E,..

 Net radiative exchange between two
surfaces that can be approximated as
blackbodies —

or
i =0 — 0o
qU:AFi. - AF,E,
AFG(T“ 4

 Net radiation transfer from surface i due to exchange with all (N)
surfaces of an enclosure:

g = %'Aﬁ Fijo'(Ti4 _Tj4)



General Enclosure Analysis

« Alternative expressions for

g =A(J;-G,)— Fig. (b) (1)

g = A(E -aG;)— Fig. (c) (2)

S5 d L Rg @ @)

i (1-&)/aA

4 Suggests a
of the form: (1-¢,)/ & A




General Enclosure Analysis (cont)

Y AR (0 - )3 i
—EA ij(i_ J) JZI(A ”) (4)

4 Suggests a
of the form:  (AF, )"

« Equating Egs. (3) and (4) corresponds to a radiation balance on surface i:

Loy ST Q

which may be represented by a of the form

Node corresponding
to the surface i




Two-Surface Enclosures

 Simplest enclosure for which radiation exchange is exclusively between two
surfaces and a single expression for the rate of radiation transfer may be
inferred from a network representation of the exchange.




Two-Surface Enclosures (cont)

 Special cases are presented in Table 13.3. For example,

» Large (Infinite) Parallel Plates

'AIZAZEA AIO-(T14—T24)
q12: 1 1
F, =1 =+ =—
& &

> Note result for Small Convex Object in a Large Cavity.



Radiation Shield

 High reflectivity (lowa = &) surface(s) inserted between two surfaces for which
a reduction in radiation exchange is desired.

e Consider use of a in a two-surface enclosure, such as that associated with

Radiation
shield

Note that, although rarely the case, emissivities may differ for opposite surfaces
of the shield.



Radiation Shield (cont)

« Radiation Network:

o(T-T,)

_1—51+ 1 +1_‘93,1 1-¢&, 1 1-¢,

+ + +
af ARz & A &,A AR, A

 The foregoing result may be readily extended to account for multiple shields
and may be applied to long, concentric cylinders and concentric spheres,
as well as large parallel plates.



Reradiating Surfaces

» An idealization for whichG; = J;. Hence, and

« Approximated by surfaces that are and for which

1-¢
€14,

qlz_qzzl_gl 1 +1—82

&n ’ AF, +[(UAF)+(UAFR)] &A




Reradiating Surfaces (cont)

 Temperature of reradiating surface T, may be determined from knowledge
of its radiosity J; . With g, =0, a radiation balance on the surface yields

'Jl_‘]R _ 'JR_‘]Z
(U AFg) (1 AFx)




Radiation Exchange
between Surfaces:
Participating Media



General Considerations

The medium separating surfaces of an enclosure may affect radiation at each
surface through its ability to absorb, emit and/or scatter (redirect) radiation.

« Participating media may involve as well
as such as CO,, H,0O(v), CH,, and O,.
 Radiation transport in participating media is a , and for

polar gases is confined to

. . A simple relation for predicting the exponential decay of radiation
propagating through an absorbing medium.

le,x

= exp(—x,X)
1,0

x, — spectral absorption coefficient (1/m)

» Transmissivity and absorptivity of medium of thickness L.:
7 :(I/l,l_/ Iz,o) =exp(—x;L) @, =1-7, =1-exp(—x;,L)

» Emissivity of medium. Assuming applicability of Kirchhoff’s law:
&, =Q,



Gaseous Emission and Absorption

« An approximate procedure involves use of a , L.,
to apply emissivity data obtained for a hemispherical gas mass to other gas
geometries.

L, — radius of a hemispherical gas mass whose emissivity, &,
Is equivalent to that for the geometry of interest.

« Emissivity data have been obtained for a hemispherical gas mass with radiating
species of H,O (v) = W and/or CO, — C in a mixture with other nonradiating
gases. Results depend on

T,— the gas temperature

P, P — the partial pressures of H,O (v) and CO,

p — the total pressure of the mixture
L — the radius of the hemisphere



Mudanca de Indice de refracio

interface 1 interface 2

Or1

9t

IR+

9

Ir2'

q9r:
q¢

Or2

B

Q:

Fluxo de calor incidente

Fluxo de calor refletido na interface 1

Fluxo de calor absorvido pelo meio

Fluxo de calor refletido na interface 2

Fluxo de calor resultante noutro lado da parede
Fluxo de calor transmitido

radiacdo
térmica

reflexdo

ol

€

-

p

S

articula

/\

*

\

difracéo

/



Exemplos de materiais difusores

Beev3 15KV Su

Espuma de Carbono  La de vidro (isolante térmico) Cinzas em suspensao



Exemplos de materiais difusores

Particulas de alumina (isolante
térmico e utilizado em paredes
de fornos)

Particulas metalicas

aquecidas a
temperatura elevadas



Exemplos de meios semltransparentes dlspersos SACADURA, 2006

Espuma poros fechados  Fipra de vidro Fuligem Polimero contendo
(corte) esféras ocas



Poros abertoy

Melamina

Strut Juncture

Aluminio

Poros
fechados :

Poliestireno
expandido
(EPS)

dupla escala
celular

|
|

Sacadura, 2006




Exemplos de funcao de fase de uma particula
esférica para diversos valores de nD/A e do indice
de refracdo do material m, = n, -1k,

SACADURA, 2006

a) tD/A —> 0, m =0.57 - 4.29i (metal) b) =D/A =9.15, m = 0.57-4.29i
c) nD/A =10.3, m = 0.57-4.29i d) =D/A =8, n = 1.25 (dieléletrico)

(fonte: livros de Van de Hulst, Kerker e Siegel & Howell)



Isotropica Esfera dpaca com reflexdo difusa Henyey-Greenstein g=0.9

S
\// -~ \/ﬁ

\ //// \\\ —

Funcao de fase composta (Nicolau 1994)

isotropic

H-G backward (g2) H-G forward (g1)

g1=0.86, g2=0.8, f,=0.96, f,=0.96



