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Abstract

The use of central receiver (or Power-Tower type) of heliostat as concentrators on absorber
plate (target), used practically as boiler, proved convenient and favorable both in performance
and cost.

In this work a model of solar thermal power plant field was designed, analyzed, fabricated
and studied in details using central receiver type. The model is constructed on flat, smooth,
rigid and strong plywood board used as a base for the model fixed on an inclined base at an
angle of 20°. The field areawas set on quarter circle to arrange the heliostats; and at the centre
of a circle the tower is carrying a copper plate target was fixed. Two sets of heliostat field
[(540) and (1097) mirror] were tested experimentally.

Experimental data and results obtained showed that the use of solar energy in power
generation is a very promising application .The temperatures achieved for target were in the
range of steam boilers operation temperatures (268- 578)C".

The number of heliostat has a major effect on the target temperature; the power
concentration factor and the overall efficiency of the system.
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1. Introduction

Efforts to design devices for supplying renewable energy through use of the sun’s
ray began at least 1774[1], when the French chemist Lavoisier and the English scientist
Joseph Priestley discovered oxygen. Also during the same year an impressive picture of
Lavoisier was published in which he stands on a platform near the focus of a large glass
lens and is carrying out other experiments with focused sunlight.

Joe [2] investigated an absorbing cavity or collector of solar energy mounted on a
tower which is assumed to be erected over horizontal terrain, located about the base of
the tower are many relatively small mirrors of predetermined size..These results are
combined with a simple cost model to obtain a lower bound on the minimum cost per
unit of redirected energy as afunction of the unit mirror cost.

Sobin et.al [3] discussed the application of the compact steam generator technology
to the design and fabrication of central receivers for solar energy powered electrical
power plants. They discussed receiver design for tower — mounted applications where
size and weight are important, they found the heat flux rates necessary for central solar
receivers are nearly identical to the design heat fluxes for the compact steam generator,
fabrication of the central receiver is discussed as well as design details and applicable
meaterials.

Aparis et.al.[4] examined the calculation of the radiation densities on the surfaces
of flat and cylindrical receivers of tower- type solar power stations (SPS). They found,
this calculation method is characterized by an accuracy of 20%, and in individual
unfavorable cases the error may reach 30 -40%, and the results obtained using these
methods were used as the basis for designing one of the variants of a cylindrical steam
generator of an SPS with electric capacity about 60 MW.

Zakhidov and Ismanzhanov [5] investigated the effect of atmospheric dust
particles on the reflectance of solar — installation mirrors with front and rear reflection,
investigated as a function of particle time, speed, dimensions and angle of attack. They
found that the atmospheric dust borne in the air and transported by the mountain —

valley circulation winds characteristic of Central Asia present no danger to mirrors,
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strong winds with driven dust (dust storms) cause damage to the surfaces of mirrors,
especialy those using front reflection, so, it is undesirable to locate solar installations in
areas with frequent jet winds and loose soil (sand).

Zakhidov [6] discussed the principles of modeling in the design of solar power
station mirror concentrating systems (MCS) and analyzed the various model types:
substantial, structural, functional and mixed.

Teplyakov and Aparis [7] presented a paper with the experimental solar electric

station (SES-5) in light of the USSR’s energy program. The paper included:
(1) Purpose of SES-5.(2) Structure of SES-5.(3) The operating principle. (4) Distinctive
features. (5) Basic characteristics (Electrical output (nominal) = 5SMW, Area of mirror
surface =40000 n?, Dimensions of a single heliostat =5x5m, Number of heliostat
=1600, Area of the receiving surface =154 n?, Pressure of saturated steam =25 bar,
temperature of steam =250 C°, Annual electric power production =5-7 million kWh).

Saiylov and Nazarov [8] determined the slope of a heliostat’s primary axis which
makes it possible to track the sun’s apparent movement with a constant angular rate of
rotation around the axis and a zero rotation around the secondary axis during the
working day.

Fricker [9] investigated some 30 MW-demonstration solar power stations by using
heliostat field and central receiver type. He deduced that all the systems investigated are
feasible, the sodium system can probably be excluded for further investigations. He
explained that the air system appears to provide the simplest, lowest risk operation; it
has also by far the smallest electricity generation costs. The lower values can be attained
by increasing the size of the plant into the L00MW range.

Mancini et.al [10, 11, 12] presented an annual review of search and development.
They found that solar thermal power technologies are in different stages of
development. Trough technology is commercially available today, with 355 MW
currently operating in the Mojave Desert in California. Power towers are in the
demonstration phase, with the 10 MW Solar Two pilot plant located in Barstow, CA,
currently undergoing at least two years of testing and power production. Dish /engine
technology has been demonstrated. Buck et.al.[13] investigated with Solar- hybrid gas
turbine-based power tower systems (REFOS). They presented design and manufacturing
of central receiver.

Terrado [14] investigated the economics and the finance of solar thermal power plant ,
he took the case study ,SEGS plant in California, he explained that California in the 1980’s
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represented an optimum location for the development of the world ’s first commercial solar
thermal electric system ,high radiation an on-peak rate for electricity in summer afternoons,
and tax incentives for investment in renewable energy combined initially with high fossil fuel
prices, were the pre conditions for the creation of nine solar electricity generating plants
(SEGS)with atotal of 355 MW, capacity.

Henry Price [15] presented paper of concentrating solar power systems (analysis &
implications).It explains some of principles with market assessment important and integrated
analysis tools which are essential.

Steinhagen and Trieb [16] explained the principles and development of concentrated
solar-thermal power and outline its considerable potential for alleviating the constant pressure
on our existing resources. They explained various types of single & dual-purpose plants have
been analyzed and tested in the field. In addition, experience has been gained from the first
commercial ingtallations in use worldwide since the beginning of the 1980. Solar thermal
power plants will provide a significant contribution to an efficient, economical and
environmentally benign energy supply.

Fluri and Von Backstrom [17] analyzed the performance of the power conversion unit of
large solar chimney power plant and compared three configurations from efficiency and
energy yield point. The efficiency was 80% and increased with decreasing the diffuser area.

Rolim et.al. [18] developed an analytic model for a solar thermal electric generating
system with parabolic trough collectors which were installed in Mojave Desert. They
concluded that a large maximum of the overall cycle efficiency was found for evaporation
temperatures around 320 °C with good agreement of results when comparing this model with
experimental data with an attractive tool for smulation and design of solar power stations.

This paper is concerned with the study and design of a system which will
concentrate direct sunlight in order to produce high temperature for the target (such as a
boiler in thermal power plants). This system is made up of field of mirrors and a tower
which is made for the first time in Irag. The model includes the following items:

(1) Partsof model, and the materials which are used in manufacturing.
(2) Method of work and measurements.
(3) Study of the effect of atmospheric air.

(4) The model construction was assumed at solar noon time.
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2. Theoretical analysis
In this design, the square shape area of mirror is (2*2) cm” . The distance to be 2cm taken
between two adjacent arcs because the places of heliostat with shape of zig- zag, and for one
arc, one place of heliostat between two adjacent heliostats was neglected. Therefore, the
distances between them became 2cm.
To calculate the number of heliostats in each arc by using the equation (2) (the first radius
of arc of heliostats 34 cm was used to decrease the area of field for experimental use only):

length of arc L, = R
Y ()
length of first arc = <> ;- =534cm
. L
Number of mirrors N = 2La +1 ()]

m

Number of heliostats in first arc N. = % +1=14.35 @14 mirror

-After calculating the number of heliostats, their positions were drawn on paper. The number
of heliostat for adjacent arcs are equalized or increased by one and decreased by one. One arc
was created to isolate the arcs group among them to increase the number of heliostat at
increasing the radius of arc and avoid the shading .At manufacturing the model the first radius
of arc become 34cm to decrease the area of field and the problems of trend. The field is
arranged as shown in Table (1) which explains the mirrors field arrangement calculations for
two models. The first column shows the arc number begins near the tower of central receiver
with arc number (1), the second column gives the radius of arc which contains the positions of
mirrors. Also, the third column shows the length of arc (one quarter of circle). The forth
column shows the number of mirrors in each radius. The arcs numbers (5, 11, 17, 23, 30, and
37) were used to increase the mirrors number between two adjacent arcs and to avoid the
shading.

The field of heliostats was applied to the dimensions of Table (1) in figure (1) as top
view of the model rig.

For designing a solar power plant, the temperature at which it will operate must be
known normally in the range of (500C° - 600C°) approximately for steam power plant and in

many other power plants.[21]
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Therefore, for our model, a target of copper plate of dimensions (3.5*3.5*0.15) cm, the
energy which is reflected from the mirrors of the solar field , is absorbed by the target
therefore, the following analysis for the heat balance of the target applies.

-Ambient air temperature =20 C°=293K

Sky temperature T<=0.552 T,°
\ Ts=0.0552* (273+20)"° = 276.85K =3.85C° » 4C°
g, =sAlTs - T2)

=567 10°* (35" 35" 10" )873* - 277*) 3)
=3903 W
1
h¥ = C(Tp - T¥ )Z
=1.77(600- 20)% (4)
=8.686W /n.C"

This coefficient is for zero wind velocity. For wind speed is higher than 5 m/s ,
h.=20W/n?. C°. Then,

\ q,=h AT, T,)

=20* (35" 3.5” 10*)(600- 20) (5)
=1421 W

\ qtotal = qr +qc

\ g, =39.93+14.21 (6)
=5414 W

Assuming [23],[24]:

(1) Thereflection coefficient of mirror h  =0.75 (for commercially available).
(2) The guidance efficiency for heliostatsh, = 0.8.
(3)The optical efficiency of heliostat h, =0.9.

(4)The average solar flux through one year 1, = 700W / m?

(5 Thefield angle is 90° when 6=135° to 180°,and (-135° to 180°)

(6) The power factor or cosine factor (cosi,or ne) ,(due to the fact that the perpendicular to the
heliostat is not the same as the incident ray vector), approximately equal to (0.8) taken from
the previous experiments.

(7)The absorptance of sunlight by target plateis 0.9

-Asin the analysis presented by [22], it was found that:
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Dimension of mirror € dimension of target plate xCos 22.5

=3.5%€0s 22.5=3.23Cm
-When the angle 22.5° is the inclination angle of the target plate from the reflected
radiation from rim mirror of the field, it is half the angle of rim mirror from the horizontal
plane.
-Another hint, there is declination of the solar rays with a value of 16 second of degree
,measured between solar disc edge ray and center ray.
-There are some difficulties in the trend of mirrors practically. Therefore, the dimension of
mirror is (2x2) cm was chosen , for the above reasons and also to lessen the dimensions of
model.

Table (1). Field of mirrorsarrangement calculationsfor two models. First model for arc

number 1-27

Mirror
No.

14

15

14

15

6

17

17

17

1
2
3
4
5
6
7
8
9

17

17

8

21

22

21

28



Thi-Qar University Journal for Engineering Sciences, Vol. 1, No. 2

Then the power calculated here is compared with the theoretical power equation
which was analyzed by [22] ,i.e.
g=h.al NA, Cosi
54.14=0.75" 0.8 09" 09" 700" N" (2" 2 10*)*0.8
N =497.3 @498 mirror
But the designer must add twice a multiple number of mirrors [23],[24] to secure power
plant working for al conditions such as rain, fog, wind and dust...etc(at the absence of direct
solar ray),by using special devices for storage.
Therefore the study used 540 mirrors in the first model because of problems of trend and
manufacturing .Then using (1097) mirrorsin the fabrication of the second model.

Arc number 27

=\

Target Positio Qe 34cm

Figure (1). Heliostats Field.
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3. Manufacturing of field of solar power plant
3.1. The Base of model
(1) Dimensions
Before the start of manufacturing the model base plate, its dimensions must be specified

from the following measurements for the first model:
-width=the radius of outer arc of heliostat+ Factor (1)

=86+14=100 cm
-length =The radius of outer arc of heliostat xSin 45x2+Factor (2)

=86xSin 45x2+28.4=150 cm
The plan of arcs radii must be done and the positions of blocking the heliostats on graph paper
as in Figure (1) were applied on the model. (Factor (1) and Factor (2) mean the distance
between two adjacent mirrors to avoid the shading which assumed to be the total length or

width of plate as integer value).

(2)Choice of plate
A base plate must be chosen with special specifications such as:
& Water resist: to resist the effect of rain at winter season.
b- Temperature resist: to resst the change of temperature at different seasons
without changing of its properties.
Cc- Rigid wood with low flexibility to bear the heliostat and target tower and
accessories without changing the trend and direction of heliostat and target.
d- Smooth surface.

(3) Manufacturing of plate
The wood plate with dimensions (150x100) cm, is supported by a wood piece of
angle 20 to the horizontal to decrease the distance between the heliostats and the absorber.
Then, engineering drawing on wooden base is achieved with the following manner:-
(a) Limiting the position of tower at the lower edge of plate, after graphing the
two perpendicular axes (West-East and South-North), the tower is fixed at the
center point.
(b) Drawing the arcs of heliostat by using a pencil and limited by rim lines of field
of angle 90..
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(c) Pointing the places of blocking the heliostats on the arcs by obvious mesh
points of pencil lines.

(d) Drilling the pointed places above with diameter of 3mm by using handle driller
with drill depth of 5-7mm approximately.

3.2. Target and tower

Target plate is manufactured from pure copper plate with dimensions of (3.5x3.5) cm
with thickness of 1.5mm and coated with black, non shine and non gloss paint. The choice of
pure copper was get because of its high melting point, high conductivity for heat (K=385
W/m.'C)which leads to high response to heat change, specific heat(C,=383Jkg.K), and
density(p=8795 kg/m®), melting point temperature i(1356 K) but the melting point of
Aluminum is (933 K)[19]. When the copper coated with black paint, the absorptance o
becomes 0.91 and the emittance €= (0.2-0.05) [20].

The net height of vertical target tower is 50cm measured from the upper plate to the
surface of wood plate (the height of tower was chosen as 50cm to ensure no shading and to be
higher than the maximum height of field).

Thetarget plate is supported tightly at the upper of tower using connecting steel flexible
rod with diameter of 1mm and isolating the target plate and the tower steel by using glass
wool and wood insulation to insure no direct contact between them and heat transfer between
the target plate and the tower stedl to be insignificant.

Thetarget plate surface is facing the mirrorsin the field of mirrors.

3.3. Manufacturing of heliostat
The heliostat in this model composed from two main components, the mirror and bearer
(supporting rod).

The reflecting mirror selected from small glass thickness cover to decrease the distortion
of sunlight and the absorption of the solar energy spectrum when the glass includes a portion
of Fe,O3 compositions, which appears as greenish appearance. Therefore, (water white)
appearance of mirror which is pure were chosen. So, mirror type 2mm thickness with
dimensions (2x2) cm.

The supporting rod of heliostat is manufactured from 1mm thickness steel flexible rod
(which used to connection of steel rods in concrete casting) because of its resistance to
corrosion (oxidization). The length of rod is about 5cm, curved from one side as elbow bend
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to help at adhesion of mirror tightly, the other side is also curved with smaller elbow bend to
utilize in supporting the heliostat on the base plate.

3.4 . Trend method and measurement

The trend of the model must be accurate when starting the work. It is achieved by using
a known length rod placed near the model, fit perpendicular by using the bulb device which
used in building work for measuring the levels, put the rod at different time , before, after and
at the solar noon. Then, the direction of shading of rod at solar noon, points the South —North
axis, and then the model trended to this direction.

The trend of heliostats made the model at solar noon al time by changing the angle of
model. It starts at solar noon, limiting the shade of tower to be perpendicular and limiting the
length of shade to remain at these features al time of trend and measurements, and then the
direction of mirrors was moved smoothly to see the shine of mirror accurately on the target
area, and repest this process for all mirrors. It was continued to change the angle of wooden
plate at al time (each five minutes approximately) to secure remaining the model at solar
noon with monitoring the shade of tower (length and angle).

After the end of trend process, replacing the movable heliostat was done and then
supports it with the same procedure.

So, the measurement process was started, in this paper it is able to measure the
temperature of front surface of target plate by using a digital clamp thermometer type K, by
welding the ball of the end of compensating wires to the target plate surface at the center to
measure the temperature. This process was repeated at every hour start to remain the model at
solar noon by trending the field to different dope perpendicular to sun direction (azimuth
angle is 90.

The solar noon was used in designing this model because:
Q) This time is known at every day.
2 Simplicity in procedure.
3 Avoiding the shading or masking effects.

4. Discussion

(1) A sample of experimental results for target temperature during the day are presented in
Table (2) and Figure (3) for the period 28-12-2008 to 20-3-2009 for the first model and the
period 17-4-2009 to 21-5-2009 for the second model. Data accumulated for 41 experiments.
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As shown in Figure (4), the trend for the target temperature change is nearly the same for both
models. The band width for the temperature of the first model is (103-211)C° & 8 AM and
(162 — 258) C* a 12 AM , while for the second model is (292 — 411) C° a 8 AM and (375 —
578) C* a 12 AM . These results are in a good agreement with the published results for
experimental solar electric station [7]. It is worth mentioning that target temperature reaches
its value at the specific measuring hour within 3 minutes from the start of the experimental
measurements. Figure (3) shows the variation in the band width for the two models (i.e
AT1=108 C°, AT,=119 C° a morning and AT;=96 C°, AT,=203 C°, a& noon) is mainly due to
the change in atmospheric temperature during the tests (winter for the first model and late
spring, early summer for the second model). Figure (3) shows the trend of measured data for
the two models (Target temperatures variation during the hours of experiments) .The trend is
nearly the same, however, variation in the second model is nearly twice that of the first
model, and the highest temperature reached in both models was at noon .The scatter of the
data is shown in Figure (4). The maximum temperature measured at noon for the first model
was (258C"), while the minimum was (122 C°).

For the second model, the minimum temperature recorded at 8a.m was (292C°), this
indicates clearly that the second model starting temperature a 8am is much higher than the
maximum temperature recorded for the first model. Also the overall temperature range
recorded for the second model is in the normal range of steam operating temperature. At the
same time the recorded data shows that the lowest temperature recorded for the second model
at 5pmwas (268 C°), this gives as operational temperatures for a period of nine hours.

(2) Figure(5) shows the average target temperature for the two models during the days of
measurements, although , the hourly average was calculated as the arithmetic average of
readings at that hour , the shape of two curves resembles the behavior of temperature change
during the day of the two models.

_ o Q Actualq | _
(3) Daily Efficiency =— 100%  for the two models (18.9% for first model)
a Measuredq

and (31.7% for the second model).
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(4) The average measured power calculated approximately (through one day) , (through nine

hours) for second model reaching the target is
> (measured g )= 1292.1 W/day
while the actual power, calculated according to the model is:
> (actual q)=368.2W/day

therefore, the total average daily efficiency is:

o
h — oa. qactual . 100%

day
a qmeasuredl

_ 082 100% = 28.5%
1292.1

But for the first model; the average measured power is (407.6/day) , the actual
power is (71.36W/day), the total daily efficiency is (17.5%).

(5) From the actual and measured power were illustrated in the same values calculated in (4)
above, the losses of system can be determined by using System L 0Sses=0(measured) — Of(actual)
Percentage Losses= systemlosses, 100%
(measured)
(average losses = 336.24 W for first model, and average losses= 923.9 W for second model).
The percentage losses were calculated by applying the above equations to be ( 82.5%) for

first model and it was (71.5%) for second model.
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Figure (2). Showstwo photographsfor the first model.
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Table (2). Temperature readingsin °C for the first model.

Daily time (hour)

8
9
10
11
12
13
14
15
16
17

600
——Feb.14
Temp.
500 1 AT2
o
g 400 -
[T)
2 300 - —
(7]
}_
g 200 - AT1
a
= AT1
100 -
O T T T T T T T T T T 1
7 8 9 10 11 12 13 14 15 16 17 18
Hour

Figure (3). Target temperature difference (AT for first model measured at 20-3 & 14-2-
2009 & AT, for second model measured at 9-5 & 17-4-2009).
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Figure (4). Target measured temperature of two models(the upper for second model &
beneath for first model)through the period 28-12-2008 to 21-5-2009.
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Figure (5). Averagetarget temperature calculated for two models (upper curve for
second model and beneath for first model, the other pointsaretemperature
measurements of 41 test day).
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5. Conclusions

There are some notes in designing and constructing the model:

(1)

(2)

(3)
(4)

(5)

(6)

(7)

(8)

The measurements of temperature suffered from the effects of weather conditions,
speed of wind, temperature of sky and air, dust, fog ....€tc.

When the wind is slow, plate temperature increases and the solar power absorbed by
target is observed.

When the weather is pure and no dust and fog the solar power absorbed is high.

When the ambient temperature is low then sky temperature is low, therefore, that
leads to decrease the power absorbed.

Increasing the insulation layer thickness under the absorber plate will increase the
absorbed power absorbed because of decreasing the losses.

At the measurement and trend of model in the direction to follow the sun, the angle of
incidence and altitude angle change, therefore, the trend changes.

The study assumed that the altitude angle is constant for all day design in
measurement.

The designer lost the utilization of solar power from about 6 mirrors because of target
shading.

6. References

[1]

[2]

[3]

[4]

[3]

[6]

Aringhoff R., Brakmann G. and Teske S., 2003, ”Solar Thermal Power “,Greenpeace
International Report, Ed. By Aubrey C., Netherlands.

Joe D.Hankins, 1974, ”Cost Optimal Deployment of Mirrors Associated with a High
Temperature Solar Energy System” ,Solar Energy, 19: 73-78.

Sobin A. \Wagner W., Easton C.R., 1974 ,”Central Collector Solar Energy Receivers
“,Solar Energy, 18: 21-30.

Aparisi R.R., Teplyakov D.L. and Khantsis B.G., 1980, “Simplified Method for
Calculating Radiation Density On the Surface of Tower — Type Solar Power Station
Receivers’, Geliotekhnika, 16(5) :29- 37.

Zakhidov R.A. ,and Ismanzhanov A., 1980 ,”Investigation of Abrasive of Atmospheric
Particles on the Reflectance of Mirrors’, Geliotekhnika, 16(6) :43-47.

Zakhidov R.A.,1980, ”Modeling in the Design of Mirror — Type Solar Power System
Concentrators”’, Geliotekhnika, 16(4): 27-32.

38



[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]

[21]

[22]

Thi-Qar University Journal for Engineering Sciences, Vol. 1, No. 2

Teplyakov D.I. and Aparisi R.R., 1985, ” The SES-5 Experimental Solar Electric
Station in Light of the USSR’S Energy Program” Geliotekhnika,21(5):28-32.

Saiylov N.S. and Nazarov Sh.A., 1987, ”Choice of Slope of a Heliostat’s Primary
Axis”, Geliotekhnika,23(3):32-36.

Hans W. Fricker, 1989, ”30-MW-Demonstration Solar Power Station-An
Investigation”, Sulzer Technical Review, Swiss.

Status Report on Solar Thermal Power Plants, 1996, Pilkington Solar International :
Report | SBN3-9804901-0-6.

Holl , R.J.,1989, “Status of Solar —Thermal Electric Technology”, Electric Power
Research Ingtitute :December, Report GS- 6573.

Mancini ,T.,Kolb G. J. and Prairie M., 1997, “Solar Thermal Power” Advances in
Solar Energy :An Annual Review of Research and Development ,Volume 11 , edited
by Karl W. Boer ,American Solar Energy Society , Boulder Co , ISBN0-89553-254-9.

Reiner Buck , Thomas Brauning , Thorsten Denk , Peter Schwarzbozl ,Markus Pfander
, Felix Tellez , 2001 Solar- Hybrid Gas Turbine —Based Power Tower Systems
(REFOS)” , edited by ASME , Proceedings of Solar Forum ,Washington.

Terrado E., 2002, ”Economics and Financing of Solar Thermal Power” Ed. IEA Solar
PACES, USA.

Henry Price, 2002, “Concentrating Solar Power Systems Analysis and Implications’
,edited by Sun lab and NREL (Non-Renewable Energy Load),USA.

Hans Miller — Steinhagen ,Farnz Trieb, 2003, ”Concentrating Solar Power — A
Review of the Technology ”Institute of Technical Thermodynamics , and Aerospace
Centre, Germany.

Fluri T.P. and Von Backstrom, 2008, “Performance Analysis of the Power Conversion
Unit of a Solar Chimney Power Plant”, Solar Energy, Vol.82, pp. 999-1008.

Rolim M.M., Fraidenraich N. and Tiba C., 2009, "Analytic Modeling of a Solar Power
Plant with Parabolic Linear Collectors”, Solar Energy, Vol.83, pp.126-133.

Holman J.P., 1976, "Heat Transfer ”?, ©OMcGRAW-Hill KOGAKUSHA. LTD ,Tokyo.
Agnihotri O.P. and Gupta B.K., 1981, ”Solar Selective Surfaces ”, Awiley — Inter
science Publication , New Y ork, :58-115.

Rai G.D., 1987,”Solar Energy Utilization”, Copyright by Khanna Publishers, Delhi ,
:295-309.

Hannun R.M., 2005, ” Modeling of Solar Thermal Power Plant” , MSc.thesis,
University of Technology, Mechanical Engineering Department, Baghdad.

39



Thi-Qar University Journal for Engineering Sciences, Vol. 1, No. 2

[23] Aparisi R.R. , 1980, "Method of Calculating Shading of Heliostats in Tower — Type
Solar Power Plants” ,Geliotekhnika, 16(2): 22- 27.

[24] Manual Romero , Maria J. Marcos, Rafael Osuna, Valerio Ferna’ndez, 2000, ’Design
and Implementation Plan of A 10MW Solar Tower Power Plant Based on Volumetric
—Air Technology in Seville(Spain)”proceedings of the Solar 2000 , Solar Power Life—
Share the Energy ,Madison ,ASME.

7. Nomenclature

symbol Definition Unit

A’ Absorber area m?

Am Mirror area m’

Co Specific heat of plate with constant pressure JKg.K

h. convection heat transfer coefficient W/m?.C*

[ Solar incidence angle Degree

N Number of mirrors -
Power Watt

Oc convective heat Weatt

Oe electrical power Weatt

Or radiated heat Watt

Os storage heat Weatt

t Time Second

T Temperature C

Tp Plate temperature C

Ts Sky temperature cC

T Ambient air temperature C

o Absorptance of target plate -

€ Emissivity of target plate -

n Efficiency of system %

G Stefan- Boltzmann constant W/m?.K*
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