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Energy Balance in a Parabolic trough Collector

Lecturer. Eduardo Zarza Moya

Plataforma Solar de Almeria — CIEMAT
(e-mail: eduardo.zarza@psa.es)



Contents

@~ © Basic concepts
© Optical losses
© Thermal losses
© Geometrical losses
© Energy balance

)

> “Energy Balance in a Parabolic Trough Collector”

(

A\ 0DTi
y/ METU

(o) SlNam s s

2/ 28



Basic Concepts

Basic parameters: Focal length

Y
\

S

r >f
J > X
f= focal distance Collector EuroTrough:
5 f=1.71 m
y=>_ =27
4. f 1+Cos ()
3 SolarTwins - “Energy Balance in a Parabolic Trough Collector” (D Uy () GUNAM G 3/28



Basic Concepts

Basic parameters: Incidence Angle

Plane normal to the aperture of the concentrato

Vector normal to the aper

Solar vector

Incidence angle, 6

Aperture plane

Gy, useful (W/m?  erure) = Gp X Cos (6)

ooTi (@ GUNAM Ly &
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Basic Concepts

Basic collector orientations

a) North-South oriented b) East-West oriented
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Basic Concepts

Basic parameters: Incidence Angle

e East-West orientation

cos(8) = cos(8)+/cos?(w) + tan2(5)

 North-South orientation

cos(8) = cos(c?)\/sin2 (w) + (cos(Lat) -cos(w) + tan(6) - Sin(Lat))2

O: declination
w: hourly angle
Lat: Geographical latitude

\\ 0DTU
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Basic Concepts

Basic parameters: Incidence Angle

ET-100, clear day in June in Almeria
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Basic Concepts

Basic parameters: Incidence Angle

ET-100, clear day in December in Almeria
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Useful thermal power
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Direct solar radiation, Gb (W/nY)
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Basic Concepts

Acceptance, 3, and Aperture, ¢, angles

Collector EuroTrough:
W=5.76 m

p—82°

p=1.379=224 mrad
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Basic Concepts

Geometrical Concentration Ratio, Cg,

Aperure ares

EuroTrough collector:
Cgeo=26.2

riwins  “Energy Balance in a Parabolic Trough Collector”

A w-L W

Ceo o o
A rzed L zed,

A= net collector aperture area (m?)

A,= absorber area (m?)
w= aperture width (m)

L= total length (m)

d_ = absorber diameter (m)
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Optical losses

 The concentrator is not a perfect
reflector (Reflectance, p)

 Not all the radiation reflected by the
concentrator reaches the absorber
tube (Intercept Factor, v)

 The glass cover is not totally
transparent (Transmittance, 1)

 The receiver is not a perfect absorber
(Absorptance, a)

T]O — p.fc.(x.'y: p.fc.a yg .'YL
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Optical efficiency

Typical evacuated receiver tube

e T 1
]

N i e

Active Length, L,

|
Total Length, L;

nw=Llalls
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Optical losses

 The concentrator is not a perfect
reflector (Reflectance, p)

 Not all the radiation reflected by the
concentrator reaches the absorber
(Intercept Factor, vy)

 The glass cover is not totally
transparent (Transmittance, )

 The receiver is not a perfect absorber
(Absorptance, a)

No — pT-ayY=pT-d 'yg YL —>no,e=00:no,peak:p'rlaly 0=0°

Optical Efficiency = Power absorbed at the receiver / Available solar power
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Optical losses

Dependence of optical properties with the
Incidence angle: the incidence angle modifier,

K(6)

nopt’q)ze = Nopt,0° ° K(8) = poe * Voo * Toe * @ge * K(6)
Nopt (6)
K(6) ==

770pt,9:00

b]_ * 8 + bz ¢ 92

K@)=1-
6) cos(0)
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Optical efficiency

Example of K(8): URSSATrough collector

.10 - 4- 10 — 6 .02
MNopt o= 0.768 K(Q):1—7 10 0+36-10—6-6
cos(6)

O Experimental

Fit

Incidence angle modifier (-)

0.2 4

1 Kia=1-(T=9H 108+ (36 =6) 10" ¢ycoss (k=2

0.0

0 10 20 30 40 50 60 70 80
#(degrees)
Valenzuela et al.,

Energy 70 (2014) 456-464
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Thermal losses

Glass pin to evacuate the air

N N

Vacuum between the glass cover
¢ and the steel pipe

y

|

V

Steel pipe with selective coating

Glass cover

olarfwins  “Energy Balance in a Parabolic Trough Collector”
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'Getter' to keep and maintain
the vacuum

Glass-to-Metal welding

T

Expansion bellows




Thermal losses

The overall thermal losses in a receiver tube, Metallic absorber tube

I:)Q,captador—>ambiente, are due to
convection, radiation and conduction
They can be calculated altogether
using experimental correlations:

Qabs,cond/con.

Qv,abs.

I:)Q,Collector—>ambient w/m)=b,~(T,,-T,) + b, (T,~T,)* Glass cover

b, , b, : experimental coefficients

T, : ambient temperature
T, : Fluid mean temperature in the receiver tube

“Energy Balance in a Parabolic Trough Collector” ('/ ﬂE;H () GUNAM % " 19728



Thermal losses

Sometimes the manufacturers of receiver tubes give a different correlation to
calculate the thermal losses in their tubes. An example of this is the correlation
to calculate the thermal losses in the receiver tubes PTR70 (developed by
SCHOTT and manufactured by RIOGLASS nowadays).

PQ,Collector—>ambient [W/m] = 0.00154*AT? + 0.2021*AT — 24.899 +
[(0.00036*A4T? + 0.2029*AT+ 24.899)*(G, /900)* cos(0)]

being:
AT = temperature difference between the working fluid and ambient air
G,, = Direct solar irradiance, W/m?
0 = Incidence angle

Be aware that the above equation gives the thermal loss in W/m. The total
thermal loss is calculated multiplying this value by the total length of the
collector

UDTU
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Geometrical losses

There are two types of geometrical losses:
A
$% Sun
A= useless collecting area

L = length of the parabolic trough concentrator

0 = incidence angle <,Z‘*{>Sun

F = Focal distance
Side view W = parabola width

Receiver tube

|
\4 |
Shadowed surface | [

‘/ = Reflecting surface \g'%y/

. Top view ED_
L
\ A, =W x ED = W x Fm x tan()
\ Pt sun Fm = F+(F x W2/ 48 x F2)
a) Losses due to shadowing b) End losses
“Energy Balance in a Parabolic Trough Collector” (' ﬁE;H () GUNAM 4/—’{3—#%4 22/ 28



Geometrical losses

End losses in a parabolic trough concentrator

“Energy Balance in a Parabolic Trough Collector” ('/ NE () GUNAM &
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Energy balance

Collector overall efficiency

\ " |

PQ, collector—fluid

PQ, sun—collector

PQ, sun—collector = useful radiant solar power in the aperture area of the collector, W

PQ, collector—fluid = net thermal power transferred to the fluid in the receiver, W

n= PQ, collector—fluid / PQ, sun—collector

S : ’ - : , 0OT GUNAM I
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Energy balance

Useful Radiant Solar Power and Net Thermal Power

P P

Q, sun—collector Q, collector—fluid

»

»
»

I:)Q,sun—>collector = Ac - G, - Cos (6)

- Useful radiant solar power on the collector:

A. = Aperture area of the reflecting surface of the collector, (m?)
G, = Direct solar irradiance, (W/m?)
¢ =Incidence angle, (°)

- Net thermal power delivered by the collector: PQ,coIIector—>quid =0, ‘(hout - hin)

d,, = working fluid mas flow, (kg/s)
h, working fluid specific enthalpy at the collector inlet, (J/kQ)
h working fluid specific enthalpy at the collector outlet, (J/kg)

out

5 SolarTwins  “Energy Balance in a Parabolic Trough Collector” ﬂgﬂ () GUNAM Pl 26/ 28



Energy balance

nglobal
'
P PQ, collector—fluid
Q, sun—collector
A, G, Cos (6)
K(6
T]opt, o° ( ) P Q,captador—ambient
P I:)op'[ (6>0)
opt (6=0)

P Q,collector->ambient = bl'(Tm_Ta) + bZI(Tm_Ta)Ll Or

Po colectorsambient.  [W/M] = 0,00154*AT2 + 0,2021*AT - 24,899 +
[(0,00036*AT2 + 0,2029*AT+ 24,899)%(G, /900)* cos(0)]

“Energy Balance in a Parabolic Trough Collector” (D ﬂE%H () GUNAM %4 27/ 28



Optical efficiency

Dependence of optical properties with the
soiling: soiling/cleanliness factor

The soiling factor, Fe, takes into account the reduction of reflectivity and absorptivity
of the mirrors and glass tubes respectively due to the progressive accumulation of
dust along the time after washing the mirrors and glass tubes

p T

Pnom Tnom

F, =

F._is usually within the range: 0.9 - 1

Nopt = Pnom * Y02 * Tnom * &2 * K@) F,

Nopt|= Nopt,0° ° K@) F,
0+0°

solarfwins  “Energy Balance in a Parabolic Trough Collector” (D METU () GUNAM % . 28/28
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 Thank you very much for your attention
e Questions?

Lecturer. Eduardo Zarza Moya

Plataforma Solar de Almeria — CIEMAT
(e-mail: eduardo.zarza@psa.es)
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