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Abstract

This paper offers a new approach to the use of modern technology and smart irrigation
systems on the traditional one. As it is to control the process of irrigation wirelessly and
remotely, and that by controlling the organization of the irrigation process through the control
of terminal motors, installed at the gates that control the flow and quantity of water in the
main and sub in a piece of land allocated for agriculture. The sensors of water level had been
installed in selected locations in a piece of land that selected to be cultivated, these sensors
feed the feedback signals to the central control unit (PC) or (PLC), which in turn give instruct
the appropriate and necessary for the operation and control of the process of irrigation, like
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opening and closing the operation of the terminal motors which control the quantity and flow
of water and the operation of the sending and receiving wireless data system. All the
operations of these processes are automatic and without operator intervention. We have a lot
of the workforce, which reduces the total cost to produce the corp. Programming process of
irrigation is done through the use of the calculator keyboard terminals in the control room and
transmitter. The transfer of the operating and control data can be done in several ways and the
most important method used in practice in this research through the Web, as this network
covers most parts of Irag, including the central region and in particular the city of Babylon,
where the project implemented and accomplished effectively and for the whole season
(summer) . Project results have been encouraging, as was controlled wirelessly and in full and
automatic and remotely. This practical applied research project was to reduce wastage of
water and especially that the country is in crisis and need every drop of water. Power supply
for the project has been using the power of alternative source for processing, as has been
relying on solar energy to generate electrical power necessary to run the project and that we
have lifted some electric load from electrical the Iraqi electrical distribution network,
whatever the savings in energy is relatively small, but this step can be generalized to large
spaces in the nearest future.

-1
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Solar panels type: KC120 manufactured by Kyocera of Japan
Pmax: 120 W

Vmax: 16.9 V

Imax : 7.1 A

Weight : 12 Kg

Dimension (LxWxD) = 1,425 mm x 653 mm x 56 mm
=0.930 m? x 56 mm
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Abstract

An attempt has been done to estimate clear-sky hourly global solar radiation for some
Iragi cities (Baghdad, Kirkuk, and Nasiriyah) using ASHRAE model. The model was used to
calculate hourly solar radiation on four months (January, April, July, October) which
represents the four seasons in Iraq cities. The results of ASHRAE model are compared with
results those estimated using Collares-Pereira and Rabl (1979) model. The Collares-Pereira
and Rabl model is based on monthly mean dally solar radiation that measured at Iragi
meteorological department for five years intervals (2005-2010). Comparison between two
models results, show that the results for Iragi cities provide good estimates of the hourly
global radiation. The root mean sgquare error (RM SE) and mean bias error (MBE) are used to
verify the results of ASHRAE model.

Keywords. Hourly solar radiation, Collares-Pereira and Rabl model, ASHRAE model to
estimate the hourly solar radiation.
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INTRODUCTION

The ASHRAE clear sky model [1] is commonly used as a basic tool for solar heat
load calculation of air conditioning systems and building designs among the engineering and
the architectural communities in the world. The measured hourly values of solar radiation
data are not available for large number of stations. Thus, accurate estimation of hourly values
of global and diffused solar radiation data is essential for the design and performance
evauation of solar energy systems. Sometimes the design of solar energy devices needs
accurate estimations of hourly solar radiation values. At places where hourly radiation values
are not available, it has to be estimated from the daily values. There are various methods
which alow the conversion of daily solar radiation into hourly values. The distribution of
total radiation on a horizontal surface over aday was examined by Liu, et d.,[2], who showed
that the ratio of hourly to daily radiation could be correlated with the local day length and
hour angle. The hours were designated by the time for the mid point of the hour, and the days
were considered to be symmetrical about solar noon. A model for hourly solar radiation has
also been developed by Collares, et al.,[3], which is correlated with the local time of day. An
attempt has been made to develop a new mode to evaluate hourly solar radiation on
horizontal surface for Indian locations having different climatic conditions, using least square
regression anaysis based on the ASHRAE model. Comparison between the estimated and the
measured values shows that the constants derived for Indian locations provide good estimates
of hourly solar radiation Al-Sadah, et a., [4]. Choudhary, et a.,[5] and Igbal, et d., [6] have
also done similar type of work, while Soler , et a.,[7] and Gopinathan, et al.,[8] have
proposed a set of polynomia equations for estimating hourly values. In this paper, the
ASHRAE clear-sky model is used to estimate the hourly global solar radiation on horizontal
surfaces for (Baghdad, Kirkuk, and Nasiriyah) cities. The values of hourly solar radiation are
compared with results that estimated using Collares-Pereira and Rabl model which in turn
based on monthly average daily global radiation on horizontal surface that obtained for
Baghdad city for the time period (2005-2010), to validate the results of ASHRAE model.

METHODOLOGY
1-ASHRAE Mode
The calculations of ASHRAE model is shown in simple expressions as follows:-

Global Solar Radiation:-
The global solar radiation on horizontal surface is composing of two main
components, beam and diffuse solar radiation components as follows,[9]:-

L =0y g oo, (1)
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Where 1, is hourly beam radiation component (w/m?), and 1, is hourly diffuse radiation
component (w/ m?).

1-1Beam Solar Radiation:-

The direct hourly solar radiation on the surface normal to the sun’s ray, |, iS
represented by [9], asfollows:-
l,, = Axexp[- B/cos(q, )] .« (2)

Where: A is the apparent extra-terrestrial solar radiation in (w/m?), Bis the atmospheric
extinction coefficient, while q, is the solar zenith angle (degree). Then the beam radiation
component on horizontal surface has been estimated from [9], as follows:-

l,=1,xc08@,)..cccccvvvvueee(3)

1-2Diffuse Solar Radiation:-
The diffuse solar radiation on horizontal surfaceis given by, [9], as follows:-

Where: C isthe diffuse radiation factor (dimensionless). So the monthly average hourly solar
radiation can be represented as follows:-

| =1,,xcos(d,)+Cxl,,....... (5)

The solar zenith angle (g, ) was evaluated using the following equation as mentioned in,[10],
asfollows:-
cos(q, )= cos(d )cos(L )cos(h)+ sin(d)sin(L).................ccc.... (6)

Where:d isthe solar declination angle (degree), L is the latitude of place (degree), and h is
the solar hour angle (degree). The solar declination angle was estimated depending upon
number of day through the year, as explained in [10].

d = 23.45s n{M} ....... )
365

Where:d is the number of days of the year, start with 1 at January 1, and end at 365 at
December 31. The hour angle h isan angular measure of time and it is positive morning and
negative evening. The hour angle can be estimated depending on apparent solar time AST
which equivalent to 15° per hour as mentioned in, [11].
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h=15x(12:00— AST)............ (8)

The apparent solar time or ( AST ) can be calculated depending on an angular motion
of sun across the sky. In this study it is may considered as an Iragi standard time.

2-Collares-Pereira And Rabl Modd:

In order to validate the results of ASHRAE model, Collares-Pereira and Rabl develop
an empirical correlation based on solar hour and solar sunset angles, which is shown below
asfollows, [11]:

. cos(h) - cos(h,.)

P
r=—=-—[a+bcos( h)]x [
A 24 . ~(2phg
sin(h,) ( o jcos(hss)

]....(9)

Where: r istheratio of hourly total radiation to daily total radiation. h isthe solar hour angle
(degree) which estimated at midpoint between any two sequence hours, his the sunset hour

angle (degree) which is equal to the following formula, [11]:
h, = cos™[-tan(L)tan(d)] ....(10)

Where the coefficients a and b shown in above formula are estimated as follows, [11]:

a =0.409+0.51sin(hy —60) .....covivieiiiii (114)
b =0.660—-0.47siN(hy —60) .......ccoviiiiiiiii e, (11b)
Data Source

Clear-sky hourly solar radiation on horizontal surface for some Iragi cities had been
estimated using ASHRAE model. The geographical latitudes and longitudes for these cities
are shown in table (1).

The originAl ASHRAE model was modified, by converting the values of solar
parameters (A, B, and C) from the twentieth one day of each month to the specified or
averaged value at each month to make the calculations of solar radiations suitable for any day
in the month as shown in table (2). The values of modified solar parameters are taken from
author, [12].The numerical values of A and B for each month are varying throughout the year
because of seasonal changes in the dust and water vapor content of the atmosphere and
because of the changing earth-sun distance. So the values of A are increasing as the Sun-
Earth distance decreasing (especially in Winter season), and they starting to reduce as the
distance between Earth and Sun are increasing (which happened in Summer season) and that
is clear in table (2). The results of ASHRAE model was verified using Collares-Pereira and
Rabl (1979) model which in turn depends on monthly mean daily solar radiation. The values
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of monthly mean daily globa solar radiation in (MJm?-day) for Nasiriyah, Kirkuk, and
Baghdad cities are obviously in tables (3a,b,c) respectively. These values are taken from Iraqgi
metrological department for above cities for five yearsintervals (2005-2010).

The need for radiation data covering entire areas led to the development of radiation
models that allow the calculation of radiation parameters within certain margins of error. The
accuracy of the estimated values was tested by calculating the Mean Bias Error MBE, and
the Root Mean Square Bias Error RMSE. These values of errors are stated by, [13] as
follows:

Where M isthe number of observed points, H_, isthe calculated global radiation, and H ,is
the observed global radiation on horizontal surface.

Results And Discussion

The values of hourly solar radiation that estimated using ASHRAE clear-sky model for
four months (January, April, July, October) are represented are demonstrated for all daylight
hours (5:00 Am-19:00 Pm) for Nasiriyah, Kirkuk,, and Baghdad cities are cleared in Fig. (1).
The hourly radiation recorded data for Iragi locations does not available due to limitation of
radiation instruments in Iragi cities. Then, the estimated hourly solar radiation values can be
obtained from monthly mean hourly solar radiation by using Collares-Pereira and Rabl (1979)
model.

Figs.(2a,b,c,d) through Figs. (4ab,c,d) show the hourly global solar radiation that
estimated using ASHRAE modd and verified using Collares-Pereira and Rabl (1979) model
versus daylight hours (5:00Am-19:00Pm) for four months of year as mentioned above for
Nasiriyah, Kirkuk, and Baghdad cities respectively. These figures explain the real behavior of
hourly solar radiation variation with hours of day from sunrise to sunset times as clear in
these figures. The values of hourly solar radiation have two maximum values in each curve:
one for solar noon times, when the sun are pointed at highest point in the sky (meridian time),
and other at summer month or at June month when the sun is normal or nearly normal on
Earth surface of Iraqgi cities. In each figure, it is clear that some difference in values of hourly
solar radiation between the two above models especially in winter season (January month).
Another difference occur due to the precision of instruments that used to measure the
monthly or daily solar radiation in these cities. To avoid repeating calculations for twelve
months, the calculations of hourly solar radiations were made on four months only (January,
April, July, and October) which represents the four seasons in Iraq cities.
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The RMSE test provides information on the short-term performance of the studied
model as it alows a term-by term comparison of the actual deviation between the calculated
value and the measured value. [6] has recommended that a zero value for MBE isideal and a
low RMSE isdesirable.

The results of ASHRAE model are presented in tables (4a, b, and c) for Nasiriyah,
Kirkuk, and Baghdad cities respectively. These tables show also the values of hourly solar
radiation that estimated using Collares-Pereira and Rabl (1979) model as calculated using Eq.
(9). Findly, table (5) shows the statistical errors for the above cities in (MJm?*day) to
validity the results of ASHRAE model.

Conclusions

An attempt has been done to estimate hourly global solar radiation for some Iragi
cities (Baghdad, Kirkuk, and Nasiriyah) using ASHRAE model. The results of ASHRAE
model are compared with results of hourly solar radiation that estimated using Collares-
Pereira and Rabl (1979) model. The Collares-Pereira and Rabl model is based on monthly
mean daily solar radiation that measured at Iragi meteorological department for five years
intervals (2005-2010). Comparison between two models, show a good agreement between the
two models. The statistical errors, (root mean square and mean bias errors) are used to show
the degree of agreement between origina ASHRAE model and Collares-Pereira and Rabl
model. The mean bias and the root mean square errors are gave good verification to use the
ASHRAE model as amodel to estimate the hourly solar radiation for all Iraq cities as shown
intable (5).
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Fig.(1) Computed hourly solar radiation at different seasonsusing ASHRAE model for
Nasiriyah, Kirkuk, and Baghdad cities.
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Fig.(2a) Comparison between hourly solar radiations at January month for Nasiriyah city.
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Fig.(2b) Comparison between hourly solar radiations at April month for Nasiriyah city.
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Fig.(2c) Comparison between hourly solar radiations at July month for Nasiriyah city.
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Fig.(2d) Comparison between hourly solar radiations at October month for Nasiriyah city.
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Fig.(3a) Comparison between hourly solar radiations at January month for Kirkuk city.
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Fig.(3b) Comparison between hourly solar radiationsat April month for Kirkuk city.
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Fig.(3c) Comparison between hourly solar radiations at July month for Kirkuk city.
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Fig.(3d) Comparison between hourly solar radiations at October month for Kirkuk city.
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Fig.(4a) Comparison between hourly solar radiations at January month for Baghdad city.
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Fig.(4c) Comparison between hourly solar radiations at July month for Baghdad city.

3
| ® I P | & Collares model
s 2.5 - —+—@ —+— o ®-— Ashrae model
g o | ® TN
5 32 »— -
E = <& <
E .5 1 (S
B8 s s
=2 1 — =
5 <= 3
£ os -
o +—o @ | | 5 o
5 7 8 9 10 11 12 13 14 15 16 17 18 19
Time (hour s)

Fig.(4d) Comparison between hourly solar radiations at October month for Baghdad city.
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Table (1) Geographical Latitude and L ongitudinal of the Region L ocations.

City Latitude Longitude Decimal degr ees of
Latitude

Baghdad 33°20'N 44°30' E 33.333

Kirkuk 35°28'N 44°21'E 35.466

Nasiriyah 31°00' N 46°16' E 31.000

Table (2) Constantsfor ASHRAE equationsfor average values of each month.
A (per day) B (per day) C (per day)
Months Day no.
wW/m? Dimensionless dimensionless

January 17 1229.88 0.142 0.058
February 16 1216.25 0.144 0.060
March 16 1190.40 0.153 0.068
April 15 1144.66 0.175 0.092
May 15 1109.68 0.192 0.116
June 11 1092.69 0.202 0.130
July 17 1084.88 0.207 0.136
August 16 1102.97 0.202 0.124
September 15 1142.12 0.182 0.098
October 15 1183.45 0.164 0.077
November 14 1213.61 0.151 0.065
December 10 1228.00 0.145 0.059

Table (3a): Monthly mean daily solar radiation values for Nasiriyah city (2005-2010).

Months Day number H (MI/mday)
January 17 11.529
February 16 15.394
March 16 19.158
April 15 22.105
May 15 25.482
June 11 28.555
July 17 28.182
August 16 26.648
September 15 23.190
October 15 18.212
November 14 13.098
December 10 11.268
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Table (3b): Monthly mean daily solar radiation valuesfor Kirkuk city (2005-2010).

Months Day number H (MJ/m*day)
January 17 8.2300
February 16 10.594
March 16 14.211
April 15 17.204
May 15 20.535
June 11 23.323
July 17 23.392
August 16 22.114
September 15 19.600
October 15 14.772
November 14 9.0600
December 10 7.3650

Table (3c): Monthly mean daily solar radiation valuesfor Baghdad city (2005-2010).

Months Day number H (MJ/m?day)
January 17 10.615
February 16 14.344
March 16 16.508
April 15 20.704
May 15 23.485
June 11 25.649
July 17 25.454
August 16 23.838
September 15 21.128
October 15 16.808
November 14 12.426
December 10 10.170
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Table (4a) Monthly mean daily global radiation (M J/m>day),
ratio of hourly solar radiation to daily solar radiation (dimensionless),
hourly solar radiation valuesin (MJ/m%hour) using Collares-Pereira model,

and hourly solar radiation valuesin (MJ/m?hour) using ASHRAE model for Nasiriyah city.

Months Daylight (hours)
D aer?g:= 17 5-6 6-7 7-8 89 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19
H 11529 | 11529 | 11529 | 11.529 | 11529 | 11529 | 11.529 | 11529 | 11.529 | 11529 | 11.529 | 11529 | 11.529 | 11.529
r 0 0 | 00175 | 0.0623 | 0.1078 | 0.1447 | 0.1654 | 0.1654 | 0.1447 | 0.1078 | 0.0623 | 0.0175 | O 0
Collares 0 0 0.144 | 05127 | 0.8872 | 1.1908 | 1.3612 | 1.3612 | 1.1908 | 0.8872 | 0.5127 | 0.144 0 0
Ashrae 0 0 0.116 | 0.7985 | 1.4065 | 1.8414 | 2.0672 | 2.0672 | 1.8414 | 1.4065 | 0.7985 | 0.116 0 0
DayAr\lp())l.;lOS 5-6 6-7 7-8 89 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19
H 22105 | 22105 | 22.105 | 22.105 | 22.105 | 22.105 | 22.105 | 22.105 | 22.105 | 22.105 | 22.105 | 22.105 | 22.105 | 22.105
r 0 | 0.0207 | 0.0469 | 0.0748 | 0.1007 | 0.1208 | 0.1317 | 0.1317 | 0.1208 | 0.1007 | 0.0748 | 0.0469 | 0.0207 | O
Collares 0 | 03559 | 0.8065 | 1.2872 | 1.7131 | 2.1992 | 2.3980 | 2.3980 | 2.1992 | 1.7131 | 1.2872 | 0.8065 | 0.3559 | 0
Ashrae 0 | 05007 | 1.3188 | 2.0646 | 2.6751 | 3.1071 | 3.3307 | 3.3307 | 3.1071 | 2.6751 | 2.0646 | 1.3188 | 0.5007 | O
Day ‘:]lélz 198 5-6 6-7 7-8 89 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19
H 28.182 | 28.182 | 28.182 | 28.182 | 28.182 | 28.182 | 28.182 | 28.182 | 28.182 | 28.182 | 28.182 | 28.182 | 28.182 | 28.182
r 0.0068 | 0.0272 | 0.0509 | 0.0757 | 0.0982 | 0.1154 | 0.1247 | 0.1247 | 0.1154 | 0.0982 | 0.0757 | 0.0509 | 0.0272 | 0.0068
Collares | 0.1926 | 0.7674 | 1.4368 | 2.135 | 2.7669 | 3.2520 | 35149 | 3.5149 | 3.2520 | 2.7669 | 2.135 | 1.4368 | 0.7674 | 0.1926
Ashrae | 0.0677 | 0.8165 | 1.6101 | 2.322 | 2.9013 | 3.3108 | 3.5226 | 3.5226 | 3.3108 | 2.9013 | 2.322 | 1.6101 | 0.8165 | 0.0677
Day Cr:gt..:288 5-6 6-7 7-8 89 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19
H 18212 | 1821 | 1821 | 18212 | 18212 | 18212 | 18212 | 18212 | 18212 | 18212 | 18212 | 1821 | 1821 | 18212
r 0 0.003 | 0.034 | 0.0705 | 0.1055 | 0.1336 | 0.1482 | 0.1482 | 0.1336 | 0.1055 | 0.0705 | 0.034 | 0.003 0
Collares 0 0.055 | 0.627 | 1.2829 | 1.9175 | 2.4202 | 2.6979 | 2.6979 | 2.4202 | 1.9175 | 1.2829 | 0.627 | 0.055 0
Ashrae 0O | 00005| 0672 | 1.469 | 21294 | 2597 | 2.8401 | 2.8401 | 2.597 | 2.1294 | 1.469 | 0.672 | 0.0005 | O
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Table (4b) Monthly mean daily global radiation (MJ/m?day),
ratio of hourly solar radiation to daily solar radiation (dimensionless),

hourly solar radiation valuesin (MJ/m%hour) using Collares-Pereira model,

and hourly solar radiation valuesin (MJ/m?-hour) using ASHRAE model for Kirkuk city.

Months Daylight (hours)
Daer?S::17 5-6 6-7 7-8 89 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19
H 8.230 | 8.230 | 8.230 | 8.230 | 8.230 | 8.230 | 8.230 | 8.230 | 8.230 | 8.230 | 8.230 | 8.230 | 8.230 | 8.230
r 0 0 | 00175 | 0.0623 | 0.1078 | 0.1447 | 0.1654 | 0.1654 | 0.1447 | 0.1078 | 0.0623 | 0.0175 | O 0
Collares 0 0 0.144 | 05127 | 0.8872 | 1.1908 | 1.3612 | 1.3612 | 1.1908 | 0.8872 | 0.5127 | 0.144 0 0
Ashrae 0 0 0.116 | 0.7985 | 1.4065 | 1.8414 | 2.0672 | 2.0672 | 1.8414 | 1.4065 | 0.7985 | 0.116 0 0
DayAn?)LlOS 5-6 6-7 7-8 89 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19
H 17.204 | 17.204 | 17.204 | 17.204 | 17.204 | 17.204 | 17.204 | 17.204 | 17.204 | 17.204 | 17.204 | 17.204 | 17.204 | 17.204
r 0 | 0.0207 | 0.0469 | 0.0748 | 0.1007 | 0.1208 | 0.1317 | 0.1317 | 0.1208 | 0.1007 | 0.0748 | 0.0469 | 0.0207 | O
Collares 0 | 03559 | 0.8065 | 1.2872 | 1.7131 | 2.1992 | 2.3980 | 2.3980 | 2.1992 | 1.7131 | 1.2872 | 0.8065 | 0.3559 | O
Ashrae 0 | 05007 | 1.3188 | 2.0646 | 2.6751 | 3.1071 | 3.3307 | 3.3307 | 3.1071 | 2.6751 | 2.0646 | 1.3188 | 0.5007 | O
Day ‘;Lélz 198 5-6 6-7 7-8 89 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19
H 23392 | 23.392 | 23392 | 23392 | 23.392 | 23.392 | 23.392 | 23.392 | 23.392 | 23.392 | 23.392 | 23.392 | 23.392 | 23.392
r 0.0094 | 0.0293 | 0.0523 | 0.0758 | 0.0972 | 0.1135 | 0.1223 | 0.1223 | 0.1135 | 0.0972 | 0.0758 | 0.0523 | 0.0293 | 0.0094
Collares | 0.2206 | 0.7743 | 1.3784 | 2.0007 | 2.5655 | 2.9954 | 3.2279 | 3.2279 | 2.9954 | 2.5655 | 2.0007 | 1.3784 | 0.7743 | 0.2206
Ashrae | 0.1479 | 0.8885 | 1.6428 | 2.3188 | 2.8698 | 3.2589 | 3.4603 | 3.4603 | 3.2589 | 2.8698 | 2.3188 | 1.6428 | 0.8885 | 0.1479
Day(r)u(;f.:288 5-6 6-7 7-8 89 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19
H 14772 | 14772 | 14772 | 14772 | 14772 | 14772 | 14772 | 14772 | 14772 | 14772 | 14772 | 14772 | 14772 | 14772
r 0 | 0.0017 | 0.0330 | 0.0699 | 0.1057 | 0.1342 | 0.1499 | 0.1499 | 0.1342 | 0.1057 | 0.0699 | 0.0330 | 0.0017 | O
Collares 0 | 00158 | 04877 | 1.0319 | 1.5612 | 1.9815 | 2.2141 | 2.2141 | 1.9815 | 1.5612 | 1.0319 | 0.4877 | 0.0158 | 0
Ashrae 0 | 05627 | 05624 | 1.3157 | 1.9420 | 2.3865 | 2.6169 | 2.6169 | 2.3865 | 1.9420 | 1.3157 | 0.5624 | 05627 | O

30




NATIONAL RENEWABLE ENERGIES CONFERENCE AND THEIR APPLICATIONS 2013
Ministry of Higher Education and Scientific Research -University of Technology
Energy and Renewable Energies Technology Center

2013 Wity sasaiall clBUall ilagl) aiigal)
Ao ol gl daalad) - palad) Cuall g Madl astail) 3 1 39
asaiall culUal) g ABUal) L o) 5S35 3S ja

Table (4c) Monthly mean daily global radiation (M J/m?day), ratio of hourly solar radiation to daily solar radiation (dimensionless), hourly solar radiatic
valuesin (MJ/m*hour) using Collares-Pereira model, and hourly solar radiation valuesin (MJ/m*hour) using ASHRAE model for Baghdad city.

Months Daylight (hours)
D aer?g.= 17 5-6 6-7 7-8 89 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19
H 10.615 | 10.615 | 10.615 | 10.615 | 10.615 | 10.615 | 10.615 | 10.615 | 10.615 | 10.615 | 10.615 | 10.615 | 10.615 | 10.615
r 0 0 0.0227 | 0.0637 | 0.1074 | 0.1416 | 0.1630 | 0.1630 | 0.1416 | 0.1074 | 0.0637 | 0.0227 0 0
Collares 0 0 0.2140 | 0.6757 | 1.1382 | 1.5174 | 1.7279 | 1.7279 | 1.5174 | 1.1382 | 0.6757 | 0.2140 0 0
Ashrae 0 0 0.1787 | 0.8980 | 1.5239 | 1.9707 | 2.2026 | 2.2026 | 1.9707 | 1.5239 | 0.8980 | 0.1787 0 0
DayAnF(J)r; 105 5-6 6-7 7-8 89 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19
H 20.704 | 20.704 | 20.704 | 20.704 | 20.704 | 20.704 | 20.704 | 20.704 | 20.704 | 20.704 | 20.704 | 20.704 | 20.704 | 20.704
r 0 0.0195 | 0.0461 | 0.0746 | 0.1009 | 0.1217 | 0.1329 | 0.1329 | 0.1217 | 0.1009 | 0.0746 | 0.0461 | 0.0195 0
Collares 0 0.4036 | 0.9627 | 1.5447 | 2.0945 | 2.5198 | 2.7393 | 2.7393 | 2.5198 | 2.0945 | 1.5447 | 0.9627 | 0.4036 0
Ashrae 0 0.4806 | 1.3308 | 2.1261 | 2.7686 | 3.1658 | 3.3954 | 3.3954 | 3.1658 | 2.7686 | 2.1261 | 1.3308 | 0.4806 0
Day ‘::)I . 198 5-6 6-7 7-8 89 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19
H 25.454 | 25.454 | 25.454 | 25.454 | 25454 | 25454 | 25454 | 25454 | 25454 | 25454 | 25.454 | 25.454 | 25.454 | 25.454
r 0.0068 | 0.0272 | 0.0509 | 0.0756 | 0.0982 | 0.1154 | 0.1247 | 0.1247 | 0.1154 | 0.0982 | 0.0756 | 0.0509 | 0.0272 | 0.0068
Collares 0.1602 | 0.6386 | 1.1956 | 1.7744 | 2.3025 | 2.7062 | 2.9249 | 2.9249 | 2.7062 | 2.3025 | 1.7744 | 1.1956 | 0.6386 | 0.1602
Ashrae 0.0677 | 0.6566 | 1.221 | 1.809 | 2444 | 2871 | 3.0566 | 3.0566 | 2.871 | 2.444 | 1.809 | 1.221 | 0.6566 | 0.0677
Day Cr:gt':zgg 5-6 6-7 7-8 89 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19
H 16.808 | 16.808 | 16.808 | 16.808 | 16.808 | 16.808 | 16.808 | 16.808 | 16.808 | 16.808 | 16.808 | 16.808 | 16.808 | 16.808
r 0 0.0032 | 0.0345 | 0.0705 | 0.1053 | 0.1329 | 0.1482 | 0.1482 | 0.1329 | 0.1053 | 0.0705 | 0.0345 | 0.0032 0
Collares 0 0.0507 | 0.5794 | 1.1843 | 1.7700 | 2.2340 | 2.4904 | 2.4904 | 2.2340 | 1.7700 | 1.1843 | 0.5794 | 0.0507 0
Ashrae 0 0.052 | 0.6719 | 1.333 | 1959 | 2456 | 2707 | 2707 | 2456 | 1.959 | 1.333 | 0.6719 | 0.052 0
Table (5) Statistical errorsin (MJ/m*-hour) for Iragi cities.
Stations Months MBE RMSE
January 0.147 0.2117
. April 0.319 0.3754
Nasiriyah July 0.072 0.1229
October 0.041 0.0634
January 0.103 0.1485
. April 0.296 0.3344
Kirkuk Quly 0.199 0.2421
October 0.1577 0.1973
January 0.1614 0.2137
April 0.2361 0.2712
Baghdad uly 0.0379 0.0786
October 0.1207 0.1477
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I nfluence of TiO, nanopowder particle size on the photocatalytic
activity
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Abdulkareem A Al-khafaji ©

(a) university of Baghdad, college of science, (b) ministry of electricity and
(c) university of Baghdad, college of pure science-1bn Alhaitham

Abstract:

There are several parameters which affect the photocatalytic activity of nanopowder
titanium dioxide (TiO,). One of the important parameters is the grain size of TiO, particles.
In the present work a comparison between two grain sizes of TiO, particles has been utilized.
The results clarified that; the reduction of TiO, grain size led to enhancement of the
photocatalytic activity. A new method for the evaluation of the photocatalytic activity has
been presented and achieved. This method based on titration of hydrogen peroxide (H2O,)
with further bi-product of (H.O,) yield from TiO, irradiation by UV source. The degradation
percentage of potassium permanganate was calculated from the H,O, titration measurements.
Totally degradation was achieved after 20 min for the sample of (10nm, 0.05 gm) but 60 min
for the sample of (10 nm, 0.01gm),and 60 min for the sample of (50 nm, 0.05 gm), while it
reaches 50% after 60 min for the sample of (50 nm, 0.01 gm).
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1. Introduction

Titanium dioxide (TiO,) exists in three crystalline structures: rutile, anatase, and brookite.
It is a semiconductor of a band gap equal to 3.2eV in anatase phase. Anatase phase of TiO,
possess strong hole trapping sites on surface which results in higher lifetime of the carriers
compared to rutile phase, and this results in anatase being a better photocatalytic material
than rutile [1-4]. Photocatalytic activity of TiO, strongly depends on its phase structure,
crystalite size and specific surface areas [5].Because the photodegradation reactions occur at
the surface of the particles, a large surface area and a short distance to the surface is wanted.
This can be achieved by making the particle size very small [6].

If TiO, isirradiated by photons of an energy equal or more than its energy gap, electrons
are promoted from the valence band to the conduction band leaving positive holes in the
valance band.[7,8]

TiO,+ hu—> e +h? (1)

The positive hole (h*) reacts with either surface bound water (H,O) or pollutant to
produce hydroxyl radical (- OH) . [8]

h*+H,0--OH +H? (2

On the other hand, the electron reacts with oxygen to produce superoxide anions (03) [7, 8]
e”+0, - 03 )]

Theseradicals 0, and -OH in solution can react to give Hydrogen peroxide H,0,.[9,10]
-OH+-OH > H,0,  (4)

Further hydroxyl.[9,10]

05 +H,0, »OH + OH™+ 0, (5)

And hydroperoxyl radicals.[9,10]

0, + —»-O0H - H,0, (6)

An glectron IS generated when an acidic solution is irradiated in the presence of titanium
?I];:i(;ggen peroxide will be decomposed by this electron [9,10,11].

€_+ Hzoz —>(H202)_—> HO + OH_ (7)
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A process with similar principle where H,O, reacts with KMnQO,4 at room temperaturein a
solution acidified by H,SO, and forms a manganite salt was designed.
Hydrogen peroxide forms as a bi-product of a radical reaction during the irradiation of the
acidic solution of potassium permanganate with the addition Of photoactive titanium dioxide
and immediately reacts with the present KMnO,.

The decrease of permanganate is then determined by titration of hydrogen peroxide and
the degradation percentage of KMnO,4 was calculated from the volume of hydrogen peroxide
used during the titration.

2. Experiment

2.1. Materials

The following materials were used:

Titanium dioxide anatase nanopowder of particle size (10 and 50 nm), was purchased from
M. K. Impex Corp., Canada. (H,0,) Hydrogen peroxide, (KMn0O, 0.15 M), analytical grade
potassium permanganate and sulfuric acid (H,S0, ) (purity 99.9 %) all were supplied by
Gainland Chemical Company, U.K. and deionized water supplied by Al Mansor Co.

2.2. Procedures
All the preparations and measurements were done in physics lab. college of science,
university of Baghdad. Potassum permanganate solution was prepared be dissolving the
permanganate with distilled water at concentration of 0.5 mol/L. Add 10 ml of potassium
permanganate to (10 ml) of sulfuric acid in a petri dish under magnetic stirrer, as shown in
figl.

| ——
I -

i
- 'I:]— Petri dish
-—' Magnetic stirrer

fig. 1. Schema of experiment

A volume of hydrogen peroxide was added to the solution above until its color was
bleached completely, this volume of H,O.is denoted as (Vo ). Add a definite amount of
titanium dioxide to the solution under a magnetic stirrer and then irradiated by UV source for
several time intervals. Vi represents the volume of H,O,, which was adding to the
permanganate solution after the UV irradiation. The results were evaluated by degradation
percentage (DP) [6].

Vo-V1

() == * 100
Vo
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This test will be repeated for several time intervals and at different weights of TiO,
nanopowder. Finally a comparison between two TiO, nanopowders of grain sizes (10 and 50
nm) were made. The judgment point for insuring totally photodegradation of permanganate
solution in this work was the optically absorbance measurement using UV-VIS spectrometer
fixed at the peak wavelength absorption which is at 550 nm. The permanganate solution was
bleached as a result of the access addition of H,O,to the solution. When the absorption peak
intensity of the permanganate solution is vanished, this indicates that, the permanganate was
completely photodegredated. The study was started by immersing 0.01 gm and 0.05 gm of
both 10 and 50 nm TiO, nanopowder and dispersed in 10 ml of KMnO, solution at
concentration of ( 0.5 mol / L ). The mixtures were acidified by 10 ml, dilute solution of
H,SO, under ultrasonic, then irradiated by fixed power lamp (6 W, UV C source) at different
timeintervals.

3. Resultsand Discussion
The study can be divided into two parts according to TiO, weight and particle size

3.1. Theeffect of TiO, weight

Firstly; the effect of TiO, weight, by measuring the photodegradation percentage, has
been studied. Figure (1) shows that, as the UV irradiation time increases the degradation
percentage of the permanganate solution increased exponentially and reaching the saturation
after about one hour at a degradation percentage of 50% for( 0.01 gm ,TiO, nanopowder 50
nm).

120
100 -
80 -
60 -

DP%

40 -
= 0.01 gm 5 Onm

20 -+
el 0.05 gm 50 nm

0 20 40 60
U V Irradiation time min

Fig.1. degradation % vs. irradiation time for 0.01 gm and 0.05gm of 50 nm TiOs.

This may be attributed to the insufficient amount of TiO,. Now 0.05 gm of TiO,
nanopowder of grain size 50 nm has photodegradation activity to bleach only half amount of
10 ml of the mentioned permanganate solution. While the photodegradation percentage
increase clearly reaching 100 % after the same time of UV irradiation, when the TiO,
nanopowder quantity doubled five times. Now, when the particle size of the TiO,
nanoparticle was reduced from 50 to 10 nm as shown in figure 2.
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100 - - 4
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80 - i
X i
a 60 L
o
40
——i——0.01 gm 10 nm
20 —e—0.05gm 10 nm
0 T T )
0 20 40 60
U V Irradiation time min

Fig.2. degradation % vs. irradiation time for 0.01 and 0.05 gm of 10 nm TiO..

The photodegradation percentage reaches 100% after 20 min. for (0.05 gm), and reaches
100% after less than 60 min. for ( 0.01 gm).

3.2. Effect of particlesize

The effect of nanopowder particle size on the photodegradation percentage has been
studied. Starting from small amount of TiO, nanopowder weight (0.01 gm) we measured the
PD %. From figure 3 one can see that the sample of 50 nm has a weak photodegradation
activity in comparison with that of 10 nm for the same weight of nanopowder.

100 - o
A
80 - /A/
'y
v

V¢

40 -
20 - == 0.01 gm 5 Onm
0 . —A—I 0.01gm 10 nm .

0 20 40 60
U V Irradiation Time min

Fig.3.DP vs. irradiation time for 0.01 gm of 10 and 50 nm TiO,.

When the amount of the TiO, nanopowder increased from 0.01 to 0.05 gm, the PD %
increased rapidly for the samples of size of 10 nm, where it reached 100% after 20 min in
comparison of one hour for the 50 nm sample.

120

100

DP %
o 8 &8 8 8

sl (.05 gm 50 nm
——— (.05 gm 10 nm
0 20 40 60
U V Irradiation time min

Fig.4. degradation % vs. irradiation time for 0.05gm of 10 and 50 nm TiO..
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The results were summarized in the table 1:

Table 1.The effect of grain size and
TiO2 amount on the time of
degradation percentage
Grain Weight Time Dp%
sizelnm)  (gm) (min)

10 0.01 60 100%
10 0.05 20 100%
50 0.01 60 50%

50 0.05 60 100%

4. Conclusion:

This work concluded that the degradation percentage was doubled when 10nm grain size
for the same amount weight of nanopowder TiO, was used in compare with 50nm grain size.
Therefore; photocatalytic activity is increased with reducing the grain size of TiO,
nanopowder. This method has several advantages compared to other methods which based
on decolorization of dyes. The evaluation of photocatalytic activity goes faster by using this
method.
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Solar cell Monitoring and Actuating via Embedded Web Server
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Abstract

The energy of the sun is free to use because it is a natural permanent source, which
makes the solar cell system cheaper and completely non-polluting so it can be used in awide
variety of locations in the world Wherever there is sun. Monitoring systems for solar cell
becomes very important when there are a large number of solar cells panels over high
distances. Monitoring allows early detection if the output falls below the required level or
one of the solar cell panel goes down. The aim of this paper is to design remotely monitor
and actuator system for a solar panel via the Internet by using the Embedded Web Server to
ensure reliable performance for solar cells. Finally it will use the data logger system that
continuously store the data gathered from the solar system to check the previous reading.
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Keywords. Solar cell, Embedded Web Server, Monitoring & Actuating Systems, Data
Logger, HTML

1. Introduction

The basic idea of a solar cell isto convert light energy into electrical energy. The energy
of light is transmitted by photons, small packets of light. Electrical energy is stored in
electromagnetic fields, which in turn can make a current of electrons flow. Thus a solar cell
converts light, to electric current. The electrical characteristics (current, voltage, or
resistance) vary when light is falling upon it which, when exposed to light, can generate and
an electric current without being attached to any external voltage source. Solar power is an
efficient aternative to fossil fuels and some aternative energy sources, as it gives off no
carbon dioxide waste and uses the natural energy from our sun to generate electricity. Solar
panels are available for a wide range of applications, including powering individual gadgets,
electronic devices and vehicle batteries. To interact with solar system. During the operation«
it is needed to monitor and control of individual solar panels to allow the remote control
center to track the panels on their individual performance. The monitored panels can be
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quickly switched off in the case of failure, overload, fire, environment hazards (tornados), or
other troubles. The most important parameters in solar system that needed to monitor are
voltage, current and temperature. Therefore the Solar system owners or service providers can
automatically track the work of the panels and determine if service or maintenance is
required. To make the design more powerful the solar parameters are stored by using data
logger to recapture them when there are needed [1,2].

2. Embedded Web Server

It isaWeb server software that resides permanently within a hardware device. It iswidely

used because it alows access to the software via a Web. The general purpose web servers
compose of an operating system, the web pages or the application and a huge amount of
memory and sometimes a special hardware [3].
The central function unit to get access on an embedded system via Web browser is the Web
server. Such Web servers bring the desired HTML pages (HTML=Hyper Text Markup
Language) and pictures over the worldwide Internet or a local network to the Web browser.
This happen HTTP-based (Hyper Text Transfer Protocol). Web server (HTTP server) and
browser (HTTP client) build TCP/IP applications. The embedded web-server, with a built-in
TCP-IP connectivity protocol is used to allow receiving and sending digital commands for
actuating and monitoring purpose without the need to have a dedicated server PC or even
special software [4].

In order to make a web based monitoring system, The following technology is used ;
HTML, Java and web server to observe and control the system with one computer has been
used and aready present a LAN which is connected to internet. The architecture of the
overal systemis divided into two sides the solar side shown in Figure (1). It is composed of
three parts; embedded web server, sensors and solar cell panel. The client side contains its
own user interface, in the form of web pages to interact with the remote system by using the
standard web browsers as shown in Figure (2).

Solar call [ nternet

~

Embedded m
Web Server e
== .‘

B b & & 4 & =2 & B B &
L . T e S I I

L]
&
-
-
*
*
*
*
[]
-
-

Figure (1) : Solar cell Side
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Figure (2): Solar cell Monitoring & Actuating (client) Side

3. Solar Cell Monitoring

To interact with a solar system during its operation we need to monitor and control the
individual solar panels that allows for the remote control center to track the panels on their
individual performance and allows the panels to be quickly switched off in the case of failure,
overload, fire, environment hazards (tornados), or other troubles. When the solar panel get
covered with dust the performance will degrade. So it is needed to monitor the most
important parameters in solar system (voltage, current and temperature) to inform the control
center which panel need to be cleaned and to ensure high power supply performance. when
there is alarge number of solar panels over long distances, it will be feasible to monitor the
parameters of the solar cells viathe internet and this can be done by using the Embedded web
servers. Monitoring means reading the solar cell parameters from the outside world to the
computer to do some calculations or to investigate from actual value of them. The challenges
in particular are how to develop an effective monitoring technologies to compensate for the
decentralized nature of remote power generation. Currently, solar monitoring technologies
are expensive, limited in their application, and for the most part proprietary[5]. To achieve
the system monitoring it is needed a hard ware to interface the solar with computer for this
purpose the Microcontroller is used as shown in the following section.

3.1. ATmega 328 Microcontroller

The Atmel is a high performance 8-bit AVR RISC-based microcontroller. It combines
32K B ISP flash memory with read-while-write capabilities, 1KB EEPROM, 2KB SRAM, 23
general purpose 1/0 lines, 32 general purpose working registers, three flexible timer/counters
with compare modes, internal and externa interrupts, seria progranmable USART, a byte-
oriented 2-wire seria interface, SPI serial port, 6-channel 10-bit A/D converter (8-channelsin
TQFP and QFN/MLF packages), programmable watchdog timer with internal oscillator, and
five software selectable power saving modes. The device operates between 1.8-5.5 volts. By
executing powerful instructions in a single clock cycle, the device achieves throughputs
approaching 1 MIPS per MHz, balancing power consumption and processing speed.

3.2. Current Monitoring

To get the solar current the main component used is the ACS712 sensor from Allegro
Micro Systems to measure the current as shown in Figure (3). It provides inexpensive
solutions for AC or DC current sensing in industrial systems. The device is not intended for
wide applications but is usually used in motor control , switched-mode power supplies, over
current fault protection, load detection and management.
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Figure(3): ACS712 Current sensor

In This work it is used one of the three models of ACS712. Other models can be chosen
depending on the maximum measured current (5-20-30A) [6,7]. From its pin configuration,
the voltage across VIOUT and ground PIN is proportional to current flowing between P+
and IP-, which makes ACS712 very easy to use. It needs two capacitors for filtering the
power supply and output while requiring a power supply of 5V. For 5A model, the value that
links the proportionality of output voltage and input current measurements is sensitivity
which has atypical value of 185mV/A.

3.3.Voltage Monitoring
Monitoring battery voltage can do easily by the Atmega328 with a simple voltage divider
circuit in Figure (4), where it can be control loads, generators, or notifications based on

battery voltage [8].
+Battery 12-20V e

(Vin)
=
3K3 =
(P.ﬂ%

Vout = Vin / (R1+R2) x R2 e——® ADC Picaxe
(Vout)

‘|K§

(R2)

A/

0V Battery @ ® 0V Picaxe

Figure(4): Voltage Divider Circuit

Where the voltage divider comesin, it scalesthe 0 — 12 v battery voltage to alower range of
0- 5 vaolts. The mathematical calculation of the battery voltage and resistor values is shown
in Figure (4). It can aso be useful to express this equation in terms of R1 or R2 when
selecting resistors.

Vour = i X Vin 1)
s

Ri+R;
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3.4. Temperature Monitoring

LM35 is a temperature sensor from National Semiconductor that have a high accuracy.
The output of analog voltage and has a measurement range of -55 °© C to +150 °© C with an
accuracy of £ 0.5 ° C. Output voltage is 10mV / © C [9]. Output ports can be directly
connected to Atmega328 microcontroller, because Atmega328 has 6 ADC ports (analog
input). Analog inputs on the microcontroller has a 10-bit resolution, which can provide output
2 N 10 = 1024 discrete vaues. When used 5V supply, the resulting resolution is
5000mV/1024 = 4.8mV. Because the LM 35 has a resolution output of 10mV / ° C, then the
resolution of the thermometer are made with microcontroller is 10mV/4.8mV ~0.5°C.

4. Solar Cell Actuating

It is used two light sensors to track a solar cell panel as shown in Figure (5). The light
sensors are fixed at 90 degree to each other. The sensors are shielded, so they will see the
brightest light levels when pointing directly at the light source. When light source moves the
light moved from the sensor causing changing its resistance. The tracking of the sunlight for
a solar panel, approve the maximum sunlight intensity that applied on the solar cell, so that
both sensors need to see the same intensity of light. For solar cell sunlight tracking it must
read both of the input sensor values and compare between them, O difference means they are
a the same light level, a -ve error value means the light is brighter to the right, and a +ve
error value means the light is brighter to the left. The servo motor is disciplined with a
position value.

5. Data L ogger System

The datalogger that used in thiswork is a database that records solar cell parameters such
as voltage, current and temperature that are equipped with the embedded web server and the
microcontroller board for data storage. The data recorded by the loggers utilize web page to
view the collected data. The data collected by the logger can be plotted with recording date or
time as shown in Figure (10).

Solar Pamal

To Web Server

Figure(5): Complete Circuit Diagram (Microcontroller board)
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Microcontroller

s Servo
% 4

Sensor

Light
Sensors

Figure(6): Schematic Diagram of the Overall Design

6. Circuit Test and Simulation Results

The circuit is designed and simulated by using Virtual Bread Board (VBB) Simulation
program. Virtual Breadboard or 'VBB' is a development and an emulation environment for
embedded applications that use microcontrollers featuring Makeable Breadboard layouts that
bring designs to life faster and more cost effectively. Figure (7) shows the program main
screen. After wiring the overal circuit in Figure(6) using VBB program and loading the
microcontroller with the software discussed in section 7. The circuit is simulated by the same
program and during simulation the monitoring web page shown in Figure (10) shows the
online results that used for monitor solar cell parameters such as voltage , current and
temperature. After run the simulation for 24 hours it can display the recorded results by
using data logger web page as shown in Figure(11) and plot the results as shown in
Figure(12).
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Figure (7): Virtual Bread Board (VBB) Simulation program.

7. Softwar e development:

The main processing unit used in this work it is the Atmega 328 microcontroller which
mentioned in the section 3.1.1. This microcontroller can program by using C++ language.
The software used for program this type of microcontroller is developed by Atmel
corporation is AVR Studio which can convert C++ code into hex code used for programming
microcontroller. The Embedded web server software is developed by using both of PHP and
HTML web programming languages. Which provide the user interfaces for monitoring the
data variables reads from the microcontroller such as (Voltage ,Current..etc) .The software

flow diagram is shown in Figure(8).
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Initialize microcontrollers analog
digital converters
|

Read analog value from right and left light sensor
Calculate the difference between right and left values(Error)
Dependent on the calcul ated error value set the servo motor positon

Read Voltage value from microcontroller ADC
Read Current value from microcontroller ADC
Read Tempreture value from microcontroller ADC

Do calculation and scaling for al above valuesto calculate
actual values

Embeded web server intialization
Set MAC and IP addresses

PHP & HTML
Get the voltage ,current and tempreture values
Prepar web page templet (colors,tables...etc)
Show voltage ,current and tempreture values in the table

Figure (8): Softwar e Flow Diagram.

Ethernct cable

PO Crnnected o internet Emboddied Web Server

Figure(9): Complete circuit diagram (Embedded web server board)
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Figure(1l): Embedded web server Data logger page

—
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Time
Figure(12): Embedded Web Server Data logger plotting page.
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Conclusions

1.The using of Embedded web server is very powerful since it is depended on Internet
protocols (TCP/IP).

2. The Embedded web server is very effective and favorable approach since it can check the
solar system in any location in the world.

3. Reading the solar parameters (current and voltage) serves as a great indicator if something
goes wrong with the system, where avoiding system failure will lead to energy saving .

4. System actuator involve sun tracking to invest the maximum sun light leading to maximum
energy.

5. One of the primary benefits of using data logger is the ability to automatically collect data
on a 24-hour basis. Upon activation, data loggers are typically deployed and left unattended
to measure and record information for the duration of the monitoring period.
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ABSTRACT

Surface texturing plays a critical role in silicon solar cell performance, affecting both
reflectance and light trapping. Laser based tooling offers the possibility of cost reduction and
efficiency enhancement.

In this paper, theoretical study of laser texturing to enhance the efficiency of solar cell has
been performed. The laser system used in this work is Nd-YAG laser with wavelengths of
1.064um, 532 um, and 335 um. The pulse duration of laser was 50ps and energy is 0.1J.
The average efficiency of the laser texturing solar cell has been calculated to be 16.1524%,
16.2180% and 16.3953%, respectively. These values are compared with the untextured
surface, which is having efficiency of 10.6%.

The comparison between the three results was made to find the optimum efficiency
enhancement. It has been found that the higher increasing of efficiency is achieved with
higher wavelength.

Keywords. Solar cell, Laser surface texturing, Energy enhancement.
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INTRODUCTION

It has been a long time, since the finding of photovoltaic effect by Bequerel in 1839.
Recently, rapid industrial growth, urbanization, and increasing demands for consumer
electronics, all of those lead to avery fast depletion of existing energy resource. Furthermore,
in the past years, the awareness of the negative impacts of fossil fuel consumption on the
environment has been increase. Thisleads to a very active alternative energy research. One of
the solutions of above problem is the silicon solar cell. The solar cells or “photovoltaic
device” can convert optical power from Sun to electricity. It is the best candidate for the next
generation energy sources. They are low cost and easy to be fabricated. However, one of the
major drawbacks is its fairly low absorption coefficient. Many approaches have been
proposed to enhance the light trapping efficiency, such as adding back reflector , designing
periodic arrays of metal nanoparticles, modulating surface textures for enhancing light
trapping, two-dimensional photonic crystal, using light scattering textured back electrodes,
using diffraction grating , and photonic crystal back reflector, etc. [1].
For thin-film solar cells, light absorption is usually proportional to the film thickness.
However, if freely propagating sunlight can be transformed into a guided mode. The optical
path length significantly increases and results in enhanced light absorption within the cell.
Surface texturing is a common technological process in solar cell manufacturing aiming at a
reduction of the light reflection losses. The standard akaline texturing of multicrystalline
silicon for solar cells is not effective because of random orientation of the grains. In this
paper a method of laser texturisation has been proposed numerically to overcome these
difficulties[2].
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LASER SURFACE TEXTURING

The idea of texturing the top of Si wafer surface is to aid the coupling of light into a p-n
structure and to increase the optical path length in the absorber. There are many type of
texturing technigue as chemical texture, plasma texture, lithograph texture, and laser
texturing [3].

Lasers find widespread application in materials processing. They are successfully applied in
industrial processes including welding, cutting, drilling, ablation deposition and surface
treatment. Lasers are used to generate coherent and monochrome light that is characterized by
small divergence of the beam, small diameter of the spot and very high power density of
radiation. Lasers applied in surface engineering generate infrared light whose power density
isin the range 103-108 W/cm?. Laser radiant flux incident on the non-transparent surface of
materia is partialy reflected and absorbed. The amount of incident laser radiant flux that is
reflected and/or absorbed depends on the wavelength of laser beam, physical properties of
material and its surface. The quantity of heat absorbed by the material at the point of laser
beam interaction depends on its absorption coefficient, wavelength and power density of laser
beam and time of exposure. The higher is the temperature of heated material the higher is
absorption of incident radiation. The highest temperature of upper layer is obtained at point
that corresponds to place related to the highest power density. Distribution of temperature on
the top surface corresponds to the distribution of power density in the cross-section of laser
beam. The heat accumulated in the top layer penetrates inwards material as a consequence of
heat transfer. As a result, upon laser processing so-called heat affected zone with structural
defects may be created [4].

LASER-GROOVED BURIED CONTACTS

Any discussion on laser-based efficiency enhancement processes within ¢-Si cell production
should always start with laser-grooved contacts (LGBC).

LGBC as an overal process captures so many of the drivers behind currently proposed
efficiency enhancement scheme: locally doped sel ective-emitter formation, high conductivity
electroless plated contacts, reduced finger line-width shading, and increased metallization
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aspect ratios. Figure (1) illustrates a schematic of the LGBC process with an SEM image of a

laser groove at the front surface, prior to metallization [1].

Scribe quality is achieved by optimizing several laser output parameters: short pulse width
enable clean material ablation, high average powers, high — finesse output beams to allow
focusing with micron scale resolution, short wavelength laser output at either 532nm (green)
or 355nm (UV) where absorption properties in c-Si are orders of magnetic more favorable in
comparison to lower cost 1064nm IR lasers. Also increased lifetime ratio (decreased laser
damage) are obtained when scribing lines using short-wavelength 355nm (UV) or 532nm

(green) lasers as shown in Figure (2) [5].

THEORTICAL ANALYSIS

Thiswork analyses possible implementation of laser treatment in texturing of silicon solar
cells. Texturisation enhances the absorption of light through the following phenomena of
incoming light rays that are reflected from one tilted (by texturing) surface may strike another
surface resulting in an improved probability of absorption, and therefore reduced reflection.
This paper presents the results of increasing the efficiency of a solar cell by using laser
texturing technique. Three different wavelengths are used and a comparison is made between
the results associated with these wavel engths.
Various approximation to the intensity distribution within the focus of a laser beam are
possible, while consider the total laser power (P) is incident over a circular area TA? and the
intensity within this area is constant at the value. In practice, the distribution of intensity
within the focus is a complex function of position and time but laser-induced thermal effects
do not seen to be overly sensitive to this distribution provided that the temperature (i.e.,
thermal effect) is sampled away from the immediate in which the interaction occurs. For this
reason, it is often convenient to assume as above that all “fine structure” in the intensity
distribution is eliminated and that the thermal effect is the same as that which would be
produced by absorption of the equivalent total power over a circular area (P/nA%) whose

radius may be chosen empirically.
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Consider the case of heating a large block of material with laser radiation focused onto the
surface as shown in Figure (3) [6].
If the solid is taken to be homogeneous and isotropic, the conduction of heat is[6]:

1)

19T _  A@y.zt)
adt K

ViT
Where a isthe thermal diffusivity.
The time-independent temperature distribution in the solid is obtained by solving equation (1)
for the applied power (P) for (t > 0 ) over the circle x*+y*=A? , z=0, of the semi-infinite
region:
-0<x<+o0w,-0<y<+tow,0<z<+town

The solution at the point whose cylindrical coordinates (r,z) isthen :

2WAK

TE.z:t) = ifowjn (m'.7).J,(m. A). {e(‘m'”. erfc l—z—— —m'(at)? —

e(m'2) erfc [?&;T+m'. (a. t)“z]]}.fg—’ (2

Where € is the fraction of the energy absorbed from the beam, and J, are Bessel Functions of

the first kind.

The texturing process was made by laser beam. The laser beam caused a spot after each run

depending on the above equation. The area of the honeycomb (arrays of spots) texturing was

calculated by the following procedure [7]. The spot is taken as a sector of parabolic shape.
y=px 3

Where:

Y isthe depth

X istheradius

The surface area of this section canh be calculated as:

b dy]?
Sp=2n[ 'y 1+[d—i:] dx (4)

The area of the top planner is
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A=r’ (5)

The increase in the efficiency of the textured solar cell can be calculated from the reduction
in the reflectance effects on the J. .With textured surface, there is a reduction in the total
reflectance and the cell should show a power conversion larger than the planer cell.

Then the change in short circuit current density will foliow the relation.

Ase _ (1-Ry)—(1+R,) _ 1-Rr _ 1 (6)
Ise 1-Ry 1-R,y

Where:

R,: total reflection of surface.

Ry total reflection of the textured surface.

The increases in the surface area of the device will also increase the dark current density by

the following factor:

Ao _ Sr=A  _ Sy
T Ty i (7)
Where:

A istheoriginal planar area.
S isthetotal surface aree of the textured device.
Thisleads generally in a reduction of the open-circuit voltage.

AV o~ BL JsetBsc Jsc]\ _ KT _ 1.,.‘”}425:
A e I | Ry e IR

Jot4]o Jo q

The net gain in power conversion éfficiency is [8]
49 _ 28 _2dle. AVse

9)

n P Ise Voe

RESULTS AND DISCUSSION

The integration of the equation (2) has been evaluated numericaly to determine the
temperature at any point in the solid at any time.

The integration of the mathematical function included in equation (2) has been solved

numerically using the Trapezoidal rule as per the following function [9]:
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-0
fy f)dm =T=(yo +2y1 + 2y, +2y3++y (10

Where n the number of sub-intervals.

Computer program has been written in MATLAB environment to find the form of hole in
solar cell of specifications shown in Table (1) to enhance it using Nd-YAG laser with three
wavelengths and single energy.

The shape of the hole which had been constructed by using laser pulse was presented in
Figure (4). Thisfigure shows the relationship between radius and depth using Nd-Y AG laser
with wavel ength=1064nm, energy=0.1J and tp=50ps. It is clear from the figure that the radius
of resulted hole = 2.8mm and depth =47pum.

On the second hand, the second harmonic generation of Nd -Y AG laser with
wavelength=532nm is used to generate hole with r=2.6mm and z=38um as shown in Figure
(5). Also, the third harmonic generation of Nd-Y AG laser with 355nm is used to generate
hole with r=2.3mm and z=26pm as shown in Figure (6).

The equations (3-9) are applied for the calculations of the increase in the efficiency for
textured solar cell.

The increase in efficiency using 1063nm is about 52.3810%. The untextured quarter of the
solar cell give the efficiency of 10.6%. The textured cell should have an efficiency

(10.6+10.6*%”) that is equal (16.1524%).whereas the increase of efficiency using 532nm and

355nm are given in Table (2).

CONCLUSIONS

1. The success of laser-based processes within the generation high efficiency silicon cell
depends strongly on the correct choice of laser type.

2. The texturing process is one of useful processes to enhance the solar cell efficiency
using solid state (Nd-YAG) pulse laser.

3. Thebest diameter caused by laser beam is 2.3mm with the depth of 26um.

4. The best increasing of efficiency is 54.6727% using third harmonic generation of Nd-
YAG laser.
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Table (1):Thecharacteristics of textured solar cell

Type p-type
Dopant Boron
Resistivity 40Q/seq
Diameter 10cm
Thickness 500pum
Reflectivity 0.35,0.65,0.8
Melting temp. 1412 c
Boiling temp. 3350 ¢
Thermal conductivity 0.14 W/mm.K
Thermal diffusivities 80 mm"2/sec

Table (2):Thecharacteristics of textured solar cell

Wavelength A(nm) | radiusr(mm) | Depth Zm(um) | A efficiency % | Efficiency %
1063 2.8 47 52.3810 16.1524
532 2.6 38 52.9997 16.2180
355 2.3 26 54.6727 16.3953

Figure (1): Laser grooved buried contacts[1].
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Figure (2): Lifetimeratio[5]
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Figure (3): Coordinate system [6].

-0.005

0.01

-0.015

-0.02

-0.025

Z (mm)

-0.03

-0.035

0.04

-0.045

005 I I I I
3 2 -1 4] 1 2 3
r (mm)

Figure (4): theform of holein solar cell using 1064nm.
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Figure (5): theform of holein solar cell using 532nm.
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Figure (6): theform of holein solar cell using 355nm.
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Study the parameter s effect on the design of solar energy system
for impressed current cathodic protection for oil pipelines

Dheya N. Abdulamer”, Dr. Qusay A. Jawad , Ahmed A. Hassosh™
Energy and Renewable Energies Technology Center, University of Technology

“Materials Engineering department, University of Technology

Abstract:

Cathodic protection represent the main solution for protection of oil pipelines against
corrosion. There are two types of cathodic protection, the first one known as sacrificia
cathodic protection, while the other called impressed cathodic protection. In this research,
study the parameters effect (soil resistivity, anode geometrical and groundebed states) were
done to design solar energy system as main source for impressed current required for
protection. Design of impressed current cathodic protection using solar energy based on
various factors. Low soil resistivity (25 Q.cm) required low potential (3.024, 3.218 and 4.079
V) for two anodes with ( 48, 24.9 and 6.02 cm) length of anode and (0.027, 0.0234 and
0.0158 shape factor ) respectively. In this context, nine PV panels (13 W) is fair enough in
the low soil resistivity (25 Q.cm) with K=0.0158. Solar energy have been used in this
research because of it represent clean energy and it is good solution for protect oil pipelines at

the land very far from power station.
Keywords: Solar Energy, Impressed Current Cathodic Protection (ICCP)
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List of symboals:
| istotal protective current
A istotal structure surface areain square feet
li isrequired current density
CE is coating efficiency.
N is number of anodes required
A; isanode surface areain square feet per anode
[, isrecommended maximum current density output in milliamperes.
L: islifein years
W isweight of one anode in pounds.
Raisthe anodes resistance
S isthe center-to-center spacing between anode backfill columnsin feet.
L isthewirelength in feet.
Rs isthe structure-to-electrolyte resistance
R. isthe coating resistance in ohms per square feet
A isthe coated pipe areain square feet.
Rristotal circuit resistance.
p is soil resistivity in ohm-centimeters
ds Diameter of steel pipe
Lslength of stedl pipe
d anode diameter
Rw wire resistance
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Lw wire length
We Energy per day of solar panel
W . Energy of required load (watts).
B Battery capacity
Npv Number of PV panels
Ny Number of batteries required
HSCBCI High Silicon Chromium Bearing Cast Iron

1. Introduction:

Cathodic protection is an electrochemical technique in which a cathodic (protective)
potentia is applied to an engineering structure in order to prevent corrosion from taking
place, and this implies that Ohm’s law, E=IR, can be used to control the potential, as well as
the current [1]. There are two principa methods of applying cathodic protection. The
impressed current technique and the use of sacrificia anodes. Impressed current cathodic
protection (ICCP) systems are used throughout the world to provide cathodic protection for
pipelines, ship hulls, offshore production platforms, water and wastewater treatment
equipment, tank farms, and underground storage tank systems [2]. Figure (1) illustrates the
use of an external power supply to provide the cathodic polarization of the structure. The
circuit comprises the power source, an auxiliary or impressed current electrode, the corrosive
solution, and the structure to be protected. The power source drives a positive current from
the impressed current electrode through the corrosive solution and onto the structure. The
structure is thereby cathodically polarized (its potentia is lowered), and the positive current
returns through the circuit to the power supply. Thus, to achieve cathodic protection, the
impressed current electrode and the structure must be in both electrolytic and electronic
contact. The power supply is usualy a transformer/rectifier that converts AC power to DC.
Typicaly, the DC output will be in the range 15-100V and 5-100 A, although 200 V/200A
units are not unknown. Thus, fairly substantial driving voltages and currents are available.
Where mains power is not available, diesel or gas engines, solar panels, or thermoelectric
generators have all been used to provide suitable DC [3].
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PRINCIPLES OF CATHODIC PROTECTION

_ Electron flow
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dc power

source

Corrosive environment
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in ground bed 4 Positive structure
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{ionic)
— ¥

Figure (1) : Impressed Current Cathodic preotection technique

2. Theoretical background:

Before the system is designed, certain preliminary information must be gathered. The steps

required when designing Impressed current cathodic protection systems are as follows.
1. Current requirement:

A critical part of design calculations for cathodic protection systems on existing structures is
the amount of current required per square foot (called current density |;) to change the
structure’s potential to - 0.85 volt. A well coated structure will require a very low current
density (about 0.05 milliampere per square foot); an uncoated structure would require high
current density (about 10 milliamperes per square foot). The average current density required

for cathodic protection is 2 milliamperes per square foot of bare area.

Current requirements can be calculated using equation (1), based on coating efficiency and
current density desired. The efficiency of the coating as supplied will have a direct effect on

the total current requirement.

I =(A) (1) (L0-CE) ......... (1)
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(2) Selecting anode. As with the galvanic system, the choice of anode is arbitrary at this time
economy will determine which anode is best. The anodes used most often are made of high
silicon chromium-bearing cast-iron (HSCBCI). When impressed current-type cathodic
protection systems are used to mitigate corrosion on an underground steel structure, the
auxiliary anodes often are surrounded by a carbonaceous backfill. The backfill materials
commonly used include coal coke breeze, calcined petroleum coke breeze, and natural

graphite particles. The backfill serves three basic functions:
(@) it decreases the anode-to-earth resistance by increasing the anode's effective size,
(b) it extends the system's operational life by providing additional anode material, and

(c) it provides a uniform environment around the anode, minimizing deleterious localized
attack.

(3) Calculated number of anodes needed to satisfy manufactuere's current density limitations.
To determine the number of anodes needed to meet the current density limitations, use

equation -2

N = |/(A1|1) (2)

(4) Caculated number of anodes needed to meet design life requirement. Equation -3 is used

to find the number of anodes:

N =L (1)/ 21000 (W) .....(3)

(5) Calculated number of anodes needed to meet maximum anode groundbed resistance
requirements. Equation -4 is used to calculate the number of anodes required:
r«K r=*pP

Ra= +— ... 4
N L S @
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Table 1: Anode paralleling factors (P) for various numbers of

anodes (N) installed in parallel [4].

N P N P

2 0.00261 14 0.00168
3 0.00289 16 0.00155
4 0.00283 18 0.00145
5 0.00268 20 0.00135
6 0.00252 22 0.00128
7 0.00237 24 0.00121
8 0.00224 26 0.00114
9 0.00212 28 0.00109
10 0.00201 30 0.00104
12 0.00182

Table 2. Shapefunctions (K) for impressed current cathodic protection anodeswhere L
is effective anode length and d isanode/backfill diameter [4].

L/d K

7 0.0158
30 0.0234
60 0.0270

The soil resistivities (25, 50, 600, 1000, 5000 Q.cm) were represent moderate to severe
conditions of large extent of land in north Irag — Turkey pipeline extending from Nineva to
Um - Qaser in Basrah as shown in the table 3. This condition without effect of bacteria and

any obstacle [5].
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Table 3: Soil resistivtiy in thelarge extent of Iraq land [5].

Concentration NaCl Conductivity | Resistivity
NaCl % content Q.cm
pe/cm
g/l

0.01 0.1 200 5000
0.05 05 1000 1000

0.1 1 1666.66 600

1 10 20000 50

3 30 40000 25

(6) Determined total circuit resistance. Determining the total circuit resistance which will be
used to calculate the rectifier size needed.

(a) Calculate anode groundbed resistance. Use equation -4.

(b) Calculate groundbed header cable resistance. The cable is typicaly supplied with a
specified resistance in ohms per 100 feet. The wire resistance (Rw) then is calculated from

eguation -5:
Ry =Ohms (L) / 1000 ft .....(5)

(c) Calculate structure-to-electrolyte resistanceusingeq - 6 :

(d) Caculate total circuit resistance. To calculate the total resistance, equation -7 is used :
RT = Ra+ Rw+Rg, .....(7)

(7) Calculate required voltage V. Equation -8 is used to determine voltage output (Vrec) of

therectifier:

Vreq = (I)(RT)(150%) ..... (8)
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Besides the more common rectifiers being marketed, a solar cathodic protection power
supply (for D.C. power) may be considered for remote sites with no electrical power. Three
factors that should be considered when specifying a solar cathodic protection power supply

are:

1. The cost of the solar cathodic protection power supply in dollars per watt of continuous

power.

2. The solar cathodic protection power supply's much higher initial cost compared to
selenium rectifiers operated by A.C. power.

3. The additional maintenance required for a solar cathodic protection power supply, mainly

to keep the solar panels free of dirt deposits [4].

3. Design of Impressed current cathodic protection (ICCP) system:

The first step in the design involves calculating the total current required (I) for protecting
stedl pipe against corrosion which has been described as indicated in the table (4). Equation
.(1) has been used for determined (I). Ground bed anode resistance R, , wire resistance Ry,
pipeline to soil resistance R. and the total circuit resistance have been estimated using
equations (4, 5, 6 and 7) respectively. The data obtained from these equations depend mainly
on the variations of soil resistivity (p), number of anodes, paralleling factor (P), anode shape
factor (K) and anode diamensions . Table (1) referred to variations number of anodes and
paralleling factor (P) have been used, while table (2) include the variations of anode shape
(K) and anode dimensions. Equation. 8 was used to evaluate of rectifier voltage that should
be employed for generate current density required to shift voltage in to cathodic polarization.
Data of soil resistivity derived from table (3), which is represent Soil resistivtiy in the large
extent of Iraq land. Energy per day of solar panel can be calculated using the following
eguation 9.

66



NATIONAL RENEWABLE ENERGIES CONFERENCE AND THEIR APPLICATIONS 2013
Ministry of Higher Education and Scientific Resear ch -University of Technology
Energy and Renewable Energies Technology Center
2013 Lgilipdiiy Baaaiall clBall il gl) paligall
Ton gl g3l Analad) - alal) adl g Mal) adail 3 55
Sasaial) culUal) g A3Uall L ol 5S35 5

Number of PV panels and Batteries required can be estimated by the following equations [6];

W,
Ny, m—eeeeennen 11
T (11)
B
N o= —C e, 12
o= o0 12)

Arrangement of impressed cathodic protection system using solar panels can be shown in the
Fig.(2).

Photovoltaic panel s

[
WVoltage control / Current injector
Batterie I
e i
.1;
0
Probe electrode
ﬁ Pipeline
Backfill

Figure(2): ICCP using solar panels

The output current from impressed cathodic protection can be designed for 15 year under the
following conditions that mentioned in the table (4), which represent the main consideration

for design impressed cathodic protection for 100 m oil pipeline.
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Table (4): Boundary conditionsfor design ICCP using solar energy

Structure Description
Steel pipe ds=30cm Ls=10000 cm
CE =85%
R. =2000 Q.cm
l, =6 mA
HSCBCI anode Casel:d=12cm L=48cm
K=0.027
D=0.8
L/D=60
s=457.2cm
Case2:d=10cm L=249cm
K=0.0234
D=0.83
L/D=30
s=457.2cm
Case3:d=12cm L =6.02cm
K=0.0158
D=0.86
L/D= 30, s=457.2cm
Copper Wire Ry = 0.15 Q/1000ft L,=2500 cm
PV module Model: LJC12/308
Size: 520* 520 * 22 mm
Prac= 13W
Vo= 13.8V
1<«=1.17 A
Battery Deep cycle 12V/ 200 Ah
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4. Results and Discussion:

The resistance of anode in the different soil and relationship it with number of HSCBCI
anodes shown in the figures (3, 4 and 5). High values of anode resistance (43.86, 72.21 and
198.37 Q) respectively were found with high soil resistivity (5000 Q.cm). Increased the
anode number lead to decrease anode resistance in the various soil resistivties. The behavior
of curve was changed in to straight line.

Votlage required to shift in to cathodic polarization is shown in the figures (6, 7 and 8) which
are representing the relationship between required voltage and number of HSCBCI anodes in
the different soils. As previoudy figures, the same behavior can be found, where the values
of voltage decreased with increment of anodes number. Minimum values of voltage about
(2.75-3.7 V) existed in the (50 and 25 Q.cm) soil resistivity.

Huge numerical data obtained to evaluate the number required of PV panels and batteries
that provides exactly power to protect 100 m oil pipeline against corrosion in the different
soil which have various electrical resistivity. In this context, figure (9) shows the relationship
between number of PV panels required and number of anodes in different soil resistivity. As
expected, high number of PV panels required (30) panels (13 W) for high soil resistivity
(5000 Q.cm), and this values decrease with increasing number of anodes. While the number
of PV panels decreased with falling of soil resistivites to (1000, 600, 50 and 25 Q.cm) as
shown in figures (9, 10 and 11).

Batteries number depend mainly on the calculated required power ( total current per surface
area by the voltage required). Figures (12, 13 and 14) show the relationship between number

of batteries with anodes number.

Because of high soil resistivity (5000 Q.cm), so high number of PV panels and batteries
required to adjust in to required power for cathodic protection. In contrast, number of

batteries required decrease during filling of soil resitivity.

Anode dimension and anode shape factor have great effect of the values obtained of PV
panels and batteries number. In general, number of PV panels and batteries increased with

increasing the anode shape factor and decreasing the length of anode.
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Figure (3): Ra Vs number of anodes at 1.57 ft length of anode, K =0.0270, S=15 ft
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Figure (4): Ra Vs number of anodes at 0.82 ft length of anode, K =0.0234 , S=15
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Figure (5): Ry Vs number of anodes at 0.2 ft length of anode, K =0.0158 , S=15 ft
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Figure (6): Vieq VS number of anodes at 1.57 ft length of anode, K =0.0270, S=15 ft

120
. 100
= ——5000 Ohms.cm
o 80
< \\ ===1000 Ohms.cm
S 60 \ =600 Ohms.cm
.E_’ \‘ 50 Ohms.cm
o 40 ‘\\ ——25 Ohms.cm
@ 20 N
N
\==ﬁ=_~»
0 ——
0 5 10 15 20 25 30 35
Number of anodes

Figure (7): Vieq VS number of anodes at 0.82 ft length of anode, K =0.0234 , S=15 ft
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Figure (8): Vieq VS number of anodes at 0.2 ft length of anode, K =0.0158 , S=15 ft
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Figure (9): Np, Vs number of anodesat 1.57 ft length of anode, K =0.0270, S=15 ft
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Figure (10): Npy Vs number of anodes at 0.82 ft length of anode, K =0.0234 , S=15 ft
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Figure (11): Npy Vs number of anodes at 0.2 ft length of anode, K =0.0158 , S=15 ft
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Figure (12): N, Vs number of anodes at 1.57 ft length of anode, K =0.0270, S=15 ft
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Figure (13): Npy Vs number of anodes at 0.82 ft length of anode, K =0.0234 , S=15 ft
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Figure (14): Npvy Vs number of anodes at 0.2 ft length of anode, K =0.0158 , S=15 ft
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Conclusions;

Design of (ICCP) using solar energy based on various factors. High soil resistivity (5000
Q.cm) required high potential (62.59, 101.28 and 273.49 V) for two anodes with ( 48, 24.9
and 6.02 cm length of anode and (0.027, 0.0234 and 0.0158 shape factor ) respectively.
However, number of PV panels and batteries required depend on the load (required power),
very high number of PV panels and batteries necessary in the high soil resistivity, these
values decreased with increment of anodes number, at the same time, these values increased

with decrease of anode length and shape factor of anode.
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Abstract :

The spectral properties and the nonlinear optical properties of the Rhodamine (6G) films
dyes doped (PMMA) have been studied a concentration (1x10°M/L) and deferent thickness
(1,2 ,3, 45,55 mm) also spectral properties are studied by recording their (absorption and
fluorescence) spectra . the nonlinear optical properties were measured by z-scan technique
.The results showed that the fluorescence intensity decreases with the increasing in
thickness . the quantum efficiency of the filme dye R(6G) has been calculated we found that
its increased with increasing of the thickness . with increased the thickness both the
nonlinear refractive index (n,) and nonlinear absorption conefficient () were decreased.

Key words : Z-scan, nonlinear refractive index (n;) , nonlinear absorption conefficient ,
Rhodamind 6G , Absorpence, Fluorescence.
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I ntroduction

The intense interest in dye laser research has been motivated by the dye lasers' ability
to provide continuously tunable coherent radiation in the visible and near ultraviolet regions
of spectrum [1,2]. Dyes are excellent systems for academic interest to help understand
various phenomena due to their high fluorescence quantum yield and broad gain bandwidth
[3]. mostly Dye molecules are used to generate tunable laser sources optical shutters, optical
signal-processing devices, two-photon microscopy, upconversion lasers, optical limiting,
optical data storage, and three-dimensional microfabrication[4]. Organic material can show
very high nonlinear coefficients, because of the large variety of these compounds at high
intensities. [5].

Z-scan technique has proved to be one of the most convenient methods for nonlinear

optical measurements because of its many attractive features such as ssimplicity and high
accuracy; widelyed it used to study the nonlinear refraction and nonlinear absorption of
materials. Z-scan technique based on the principles of spatial beam distortion, it will be
shown that for many practical cases, nonlinear refraction and its sign can be obtained from a
simple linear relationship between the observed transmittance changes and the induced phase
distortion without the need for performing detailed calculations [6]. There are two different
geometries in Z-scan technique: (i) The geometry in which afinite aperture is kept before the
detector which known as a closed-aperture (CA) Z-scan, and (ii) the geometry in which the
aperture is removed to focus al the transmitted light into the detector is referred to an open-
aperture (OA) Z-scan [7].
W. Zhang and M. G. Kuzyk (2007) studed the effect of a thin optical medium on a high
order Gaussian beams with higher anguler mode number by using Z-scan technique for a
dispersered-1 doped poly(methyl methacrylate) (DRL/PMMA) thin sample .The nonlinearity
of DRLY/PMMA is due to photo-induced trans-cis-trans isomerisation of DR1 molecules
followed by reorientation in the direction perpendicular to the polarization of the incident
laser beam [8].

A. Nag, and D. Goswami ( 2009) study the Solvent effect on two-photon absorption and
fluorescence of rhodamine dyes[9].

M aterials and methods

Rhodamine 6G or named as Rhodamine590 which belongs to the Xanthenes
family,Molecular formula: Cyg Hz1 N2 O3 Cl, Molecular weight: 479.02 gm/mol. Its Appear
Pale red crystalline powder which purchased from Himedia Laboratories Pvt.Ltd . India

The polymer which used in this work is poly (methyl methacrylate) (PMMA)  Chemical
formula(CsO,Hg)n, Molecular Weight , (84000gm/mol), refractive index : 1.49.
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Spectroscopic M easurement

The measurement of the absorption spectra of the samples are taken by using a
spectrophotometer (Metertech, SP8001,UV/V IS spectrophotometer) and the emission spectra
taken by using (Spectrofluorometer -model FO96PR) .

M easuring of Quantum efficiency (Qsm) :

Quantum efficiency defining as the ratio between the number of quanta
emitted and the number of quanta absorbed [10] :

Ofm= number of quanta emitted / number of quanta absorbed................ )

Z - scan System :

The experimenta setup of closed and open aperture z- scan is shown in
figure (1). The laser which used in the present work is a home built CW laser
beam of 532 nm Nd: YAG (SHG)(COHERENT-Copass215M-50 diode-
pumped laser) focused by a lens of (20)cm focal length . the optical detector
type (SOLO2 R2) .

Figure. 1: The setup of z- scan system [4]

Results and Discussion
The absorption and fluorescence spectra of R(6G) in PMMA with different thickness
(1,2,3.4.5,5.5 mm) respectively are shown in Figure (2) . From these figures we can observed

77



NATIONAL RENEWABLE ENERGIES CONFERENCE AND THEIR APPLICATIONS 2013
Ministry of Higher Education and Scientific Research -University of Technology
Energy and Renewable Energies Technology Center

2013 Wty Sasaiall cililiall gl jaigall

Aan gl gical) dnalad) - oalal) Cuadl) g o) antedil) 3 ) 39
Sasadal) culUal) g A8l L o1 385 38 e

that( R6G) absorption spectrum did not shifted with increase thickness . the fluorescence
spectrum followed shifted peaks to shorts wavelength ( blue shift ) when increasing the
thickness . Table (1) shows the wavelength of the absorption , fluorescence spectra, and the
guantum efficiency of the dye doped in PMMA. From the results of calculation by using
computer model ( mtlab 6.5) and equation (1) . the quantum efficiency increase with
thickness increase. The nonlinear properties of PMMA doped of R6G were measured by the
z-scan techniques at the difference thickness (1,2,3,4.5,5.5 mm) concentration (1x10°° M/L).

Figure (3)shows the closed — aperture z- scan curves by using 532(nm) laser , this
figure represents the normalized transmittance as a function of sample position (z)
Figures (3a,3b, 3c, 3e) shows the experimental result of dye films at difference thickness (1,
2,3,5.5 mm). A valley — peak structure in the profile indicates positive effect of refractive
nonlinearity , i.e self —focusing. Figure (3d) indicates negative refractive index film of
thickness (4.5mm), i.e self- defocusing ,also a peak — valley profile displayed in this figure.
The measurable quantity AT .., can be defined as the difference between the normalized peak
and valley transmittances , Te-Ty . The variation of this quantity as a function of |A®,| is
given by :

AT p-v = 0.406|AD| ..vvvvvnnn. (2)

Where A®,: nonlinear phase shift, The on-axis phase shift is related to the nonlinear
refractive index (ny) by :

Aq)o: n2 Io Leff k ........................ (3)

Where |, istheintensity of the laser beam at focus z=0, k is the wave number, ( k = 21 /A),
A: isthe wavelength of the beam.

L+ the effective thickness of the sample, can be determined from the following .formula

Let = (- exp-0ol) /O vveeveveennene(4)
L : the sample thickness length , 0, : the linear absorption coefficient . [11]

Figure (4)shows the open — aperture z- scan curves by using 532(nm) laser , this figure
represents the normalized transmittance as a function of sample position (z). Figures ( 4b , 4c
,4d ) indicates that the absorption coefficient at films of thickness (2,3,4.5)mm are saturable
absorption (SA), this process occurred when the nonlinear absorption coefficient § < 0, which
can be appeared when a strong light absorption between two levels causes saturation
(bleaching) of the corresponding electronic transition. The two levels involved surface
plasmon resonance ground and excited state [12] , Figures (4a,4e) ) indicates that the
absorption coefficient at films thickness (1,5.5)mm are two -photon absorption, the two-
photon absorption process occurred when the nonlinear absorption coefficient f > 0 [13], The
measured of the nonlinear absorption coefficient using by eqg. :

T(Z) =1-(lo Lest B[1+2] / 2V2) ... (5)
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We found that the nonlinear absorption coefficient () decreased with an increase in
thickness as in figure (5). Also the nonlinear refractive index (n) decreased with an increase
in thickness as in figure (6). The experimentally determined values of AT, A®,n;and  are
givenin Table(2) .

Conclusion :

From the results, the effective of nonlinear properties of the thickness , i.e
(the nonlinear absorption and nonlinear refraction) decreased with an increasing in
the thickness at constant concentration, Also the behavior of nonlinear optical
absorption change from two photon absorption to saturable absorption.
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Figure( 2) : The absorption and Fluorescence spectrum of R6G dye doped PMMA for
different thickness (1,2,3,4.5,5.5 mm) at concentration 1x10™° M/L
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Figure (3): closed - aperture z- scan of R6G dye doped PMMA for different thickness
(1,2,3,4.5,5.5 mm) at concentration 1x10° M/L
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Figure (4): Open - aperture z- scan of R6G dye doped PMMA for different
thickness (1,2,3,4.5,5.5 ) mm at concentration 1x10™ M/L
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Figure (6): Therelation between Nonlinear refractive and the Thickness of Rh6G
dye doped PMMA
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Table(1): Absorption and Fluorescence spectra and the Quantum efficiency of R6G

A max abs.nm A max flu.nm Quantum efficiency
Thickness(mm)
1 528 556.9 78%
2 528 558.2 85%
3 528 561 87%
4.5 528 558.8 93%
55 528 554.5 96%

Table (2): Nonlinear parameters of R6G dys doped PMMA

Ny B
Thickness ATp-v AD
cm,/mw cm/mw
(mm)

1 0.04 0.09 5.305x10° 0.0137

2 0.04 0.09 2.66x10° 0.0066

3 0.05 0.123 2.42x10° 0.005

45 0.05 0.123 1.62x10° 0.0033

55 0.03 0.07 0.756x10° 0.0029
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Abstract

In this research we design and manufacture mobile solar power supply using solar energy
(1KW) composed of solar panels (150W) connected in parallel to give (24Volts) passing
through control box containing of batteries capacity (150Ah). The system provides
alternating electrical energy for the required loads (220Volts — 5.4 Amp).
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Effect of thickness and heat treatment on (D.C) conductivity of
CdO thin films prepared by Plasma sputtering method

F.I.Mustafa A.S.Sabr S.Z.Abbas

ABSTRACT :
In this study we prepare CdO films by using plasma sputtering method on substrate from

glass type Pyrex , we used system of dipole sputtering with magnetic field. we studied the
electrical propertiesinclude determining of (D.C.)conductivity in the temperature rang (R.T-
493)K the result showed two mechanisms with two value of activation energy . the influence
of increasing in thickness due increasing in (d.c.)conductivity . It also includes study of effect
of heat treatment at ( 220 -C ) on (d.c.) conductivity.
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The comparison analysis of fixed pitch angle wind turbine with
that of a double output induction generator

Dr. Abbass Z. Salman Roshen T. Ahmed
Assisstance. Prof Assisstance lecturer

Energy and renewable ener gies technology center
University of technology

Abstract

The characteristic matching of a fixed pitch angle wind turbine with that of a double output
induction generator (DOIG) has been analytically study in this research.

The stator and rotor electrical output of a generator has been fed into an infinite bus-bar viaa
static power conditioner in the rotor circuit. A direct current mathematical model is used to
represent the steady state performance of the generator power conditioner network system.
Performance curves, power coefficient versus tip speed ratio, Cy(A) is represented by a
polynomial function. A nonlinear equation for the wind speed is result from the mechanical
power balance which can be equated from the relation between input and output of the
(DOIG) at any given generator speed.

By using Newton-Raphson method the nonlinear equation obtained can be solved
numerically.
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Introduction

As aresult of the growing demand for use of electricity in al areas of life, the use of
electric power generators by wind also increased as a result of easy access to the wind and is
not affected by the environment of any that clean source of energy aso it is inexhaustible.
One of these schemes is the DOIG connected to an infinite bus-bar using a static power
conditioner in the rotor circuit. The DOIG used in this research is a slip-ring rotor induction
machine. The wind energy will drive the machine and connected from stator and rotor
terminals to the network. By this type of connection the stator voltage and frequency will be
fixed with that of the network. The speed dependent rotor voltage and frequency are
interfaced with the network using a static power conditioner which consists of a diode bridge
and an inverter bridge thyristor connected together through a d.c. link of high inductance.
Equivelant induction machine circuit has been used to computing steady state performance
characteristicg1]. This work presents an analytica approach matching the steady state
characteristics of a fixed pitch angle wind turbine with that of a DOIG connected to an
infinite bus-bar via a diode bridge d.c. link reactor-inverter bridge-thyristor scheme in the
rotor circuit. From wind speed and wind turbine generator speed a mathematical modelling is
derived which give us the steady state performance of the wind turbine. Equating the wind
turbine output mechanical power to the electrical system input power at any generator speed
results in a nonlinear equation for the unknown wind speed which can be solved using
Newton-Raphson method [2].

System modeling
The system used was shown in figure (1), optimum power transfer from the generator to the
network can be obtained by adjusting the firing delay angle (a) according to the generator
speed. The steady state behavior of the electrical system modeling is based on the following
assumptions.

d. c. direct current is assumed to be completely smoothed and ripple free.

Neglecting all valves forward voltage drop and commutation in the inverter.

Commutation effect in the diode bridge on the rectified voltage is considered.

Ignoring al mechanical losses, iron and magnetic saturation.

Fundamental components are considered.

~ Stator current measurement

N/ e
network
d.c. link reactor
Dinde hrides )] :
Wind turbine [ e [:
A £
3 transformer

3-phase slip-ring
Induction generator|

L]

Speed measurement

» Firing circuit

Fig 1. Single line diagram of the system
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It is convenient to represent each phase of the induction generator by its so called transformer
type equivalent, by applying Thevenin theorem to the conventional induction machine
equivaent circuit shown in figure 2(a, b) by ignoring the ratio of the stator winding resistance
Rsto its self reactance (Xqs + Xm) one can get the Thevinin voltage V,, and impedance Zi, as:

Vth :31(1' b)\L"s :Sl\L"s - bs 1\L"s

And

Zy = Ry + Xy, = (- b)s SR+ I(1- b)s X,

Zy =S R -bs/R +Js X, - IS Xog i)

s, and b are given by:

_ X 1

- T T e 3
PTX X 1+s, ®)
And

n

b = > 4
Where
v Stator referred phase voltage
| Stator referred phase current
V, Rotor phase voltage

Rotor phase current
R Stator referred resistance

V.,  Theveninvoltage

Stator leakage coefficient

X Stator referred | eakage reactance
X Referred magnetizing reactance
R Rotor resistance

X Rotor |eakage reactance
Synchronous speed

n
n Rotor speed
R, andX,, Thevenin resistance and reactance

98



NATIONAL RENEWABLE ENERGIES CONFERENCE AND THEIR APPLICATIONS 2013
Ministry of Higher Education and Scientific Research -University of Technology
Energy and Renewable Energies Technology Center
2013 \giliukiy Basaiall Bl ik gl saigal)
Aa ¢l isal) daalal) -ealad) Cagll g Mad anladll 35159
Sasadal) culUal) g A8Uall L ol 3S3 3 e

y N

(- bV, v,
v A 4
Fig 2(a) Induction machine equivalent circuit conventional
Rth ‘]Xth ‘J(l- b)xsr Rr
- A-
< I r
Vin v,
v A 4
B

Fig 2(b) Induction machine equivalent circuit transformer type

Since there is a diode bridge in the generator rotor circuit, the fundamental rotor current lags
behind the rotor voltage by the commutation angle caused by the generator leakage
reactance] 3].

The average d.c. voltage V4 at the diode d.c. terminal is given by:

V, =V, +DV, +DV.

rs

This equation describes the steady state behavior of the network-generator-diode bridge
system. Figure (3a) represents Equation (5) as follows:
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Vars2 |: Raa Re E Rz Ra él R> R%
|

d
Vdrsl N Vdr

—1_ VYas A —
__ b

Fig 3a System d.c. equivalent circuit according to the voltage equation

1) The two opposite d.c. voltage source represent the V gs
Vdrs = Vdrsl - VdI'SZ ........................................................ (6)

Varq @and Vg Can be represent by a.c. voltage Vi, as:

3 .
Vas = B\/ES Vs S ¢

And VdI’SZ - dersl .............................................. (8)

2) The voltage drop across two resistance R, R and the two variable resistance
(Proportional) Re; and Ry, isthe average d.c, voltage change (AVy)

AVX (RC1+RC2+RC3+RC4)Id P ara s R ...........(9)
Where:

R = > ,X., 10)
p
R,, = -bR (11)
Ry = o X o e (12)
p
Riy = = DR ) oo (13)

3) Findly the voltage drop across R;, R; and variable resistance R, represent the voltage
changeterm AV,

Where:
R. = 2S5 PR (15)
R, = - DR (16)

Ry = 2R (17)

According to the assumption used
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Control strategy and performance equations

The control strategy is to keep the d.c. voltage across the V4 at zero by kept the inverter
delay angle o at 90° during the speed range of the generator stator current is less than rated
value. By this strategy the generators work most efficiently, Any d.c. voltage V 4 except zero
value will shift the power speed curveto alower power at same speed.

By applying this control strategy to figure 3awe get:

Vi =0=Vgs1—Vae + (R +R2+R3+Ru+Ri+R2+R3) Ig ...(19)

Solving equation 19 we get

| = Vdrsl B Vdrsz 20)

Finally the range of the stator current and the direct current reach there rated values I, and Iy,
respectively. By substitution of Iy = I4y in equation 19 and using equations 8,11,13 and 16
one get:

— F\)Sldn
b, =1+ ————= O ————— 21
Vdrsl+(Rcl+Rcz+R1)|dn ( )

Where b, = Generator rated speed

The other control strategy is to control the inverter d.c. voltage V4 by adjusting the inverter
firing delay angle o to keep this current constant all over the speed range above the rated
speed as soon as the direct current attains its rated value | 4, at the rated speed b,

The power relation obtained from figure 3ais:

P, = Electrical power

P T (R ARG oo, (23)

P, = Stator copper losses

cs

==V la=-Va Lo (24)
P, = Electrical power absorbed by the network

P = (R + R (25)

P, = Rotor copper losses

P =R*+F . (26)

out
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P

out

= Total electrical power

By combining equations 6, 11, 13, 16, 19 and 22 to equation 25 the DOIG internal
mechanical power is.

ng = ngs +ngr :(Pl+ Pcs)+(P2 + I:)cr)
:b[\/drsl+(R1+Rcl+RC3)ld]|d ......................... (27)
=[Vas2 - (Ry + R, + RG]

The above equation show that the input mechanical power Py is divided between the stator
Pmgsand rotor Prgr, SO that the d.c. equivalent circuit shown in figure 3a must be rearranged to
the form in figure 3b[4].

Re1 R1
— — —
Vdrsl é
Prs Prg P /
Eig3b Q\/Qmm d.c_equivalent circuit accordi né to the power flow

Wind turbine

The equation below show the power available in wind.

adl 30

P. =C G=sAV}=
pgz g rern(28)
Where:
o = Air density
A = Air swept by the turbine
C, = Turbine performance coefficient
Vw = Wind speed
C, depends on number of blades and blade pitch angle.
Z2pRn, n
| = V; _ 2pRn _ ng _ 29)
VW VW VW VW

Where A is the wind speed ratio, from equation 29 one can notice that the tip speed Vr is
proportional to the rotor speed n and the radius of the turbine blade R.
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Figure 4 shows the relation between wind turbine performance coefficient and the tip wind
speed ratio for atwo blade wind turbine having a fixed pitch angle of 1°.

Cp=-0.007N+0.135A-0.128  ooovooeeiieeiiieeee, (30)

Wind turbine performance curve
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0.35~-"""r-""--

03f-—~---

0.25p-----

0.2[-----F=----

0.15p-----

Performance coefficient
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o
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N pR----
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Tip speed ratio

Fig 4 Wind turbine performance

Introducing equation 29 into 30 we get

&b 0 &eb 0
C, =- 000702 2+ 013502 2- 0218 ... @
Vw g Vw g
Grouping equations 28 to 31 the turbine output mechanical power is:
.3
P, = K.Cpglgg = K(— 0.007b2VVv +0.135bVV§ - 0.218\/\,3) ............. (32)
el g
With the constant
1
K = EsA(ZpRnS R (33)

The assumption used for evaluation the constant K is that the turbine is designed to get
optimum values of Cpnea at rated wind speed Vw, corresponding to generator rated speed by,
At this speed the generator input mechanical power isits rated value Pygn.

From figure 4 we get

Comax = 0.43 at A, = 9.35 e e e (34)
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By substitution Py = ngn,Cp—Cpmax,b bnand A = A, in equation 32 we get
Prgn &, o

And find Iy the turb| ne mechanical output power is

Pogn ]
Cpmaxgbnﬂ

P, = (- 0.007b%, +0.1350V;2 - 0.128 )

Algorithm of matching

The generator is connected to the power system at the cut-in wind speed V. where the
power is enough to overcome the mechanical and no load losses. The speed is double the
generator synchronous speed b=2, the generator input mechanical power Png is computed at
any value of generator speed by solving the electrical system mathematical model during the
speed range within which the given speed lies. The determined generator input mechanical
power Pmg as determined in equation 27 is balanced by the turbine output mechanical power
Pt €quation 36, and its result in a nonlinear relation as shown in equation below.

P_ 0
P, =—2 ad—“i ( 0.007b?V,, +0.135V,2 - 0.128VV3) ................. (37)

" " C e €01

The above equation is solved using Newton-Raphson method. Having obtained V the
corresponding required performance parameters A and C, of the turbine are determined using
eguations 29 and 30.

Results and discussion

A 3-phase, 4-ploe, 50-Hz, Y -connected, slip-ring induction machine is used in the digital
simulation of the mathematical modulein figure 1. The paramenters of the machine are:
Rs=2.22 Q, R,=3.83 Q, Xys= Xor =5 Q, Xin = 74 Q the stator to rotor transformation ratio is
2:1 and the base values are:
Base current I = Ign = 10.8 A, base voltage V, = Vi, =220 V, V; = 110 V, and the base power
Py=Pn=2.48 KW.
These data are used for different generator speed and the results obtained are shown in Figure
5 there are two operating range:
1) the range from cut-in wind speed V. to the rated wind speed V yn:
the tip wind speed ration A reduce from its maximum to its rated value A, while the
performance coefficient increase from zero to its maximum Cpmex, figure Sb show the
operating range of the wind turbine, from the intersection point of Cy(A) with A axis
upward to the point (An , Cpmax).
The firing delay angle o is kept constant at 90°.
2) the range from the rated wind speed to the cut-out wind speed V !
The inverter control angle a is adjusted in order to keep the direct current I4 constant. This
will cause in maintaining the stator electrical output power constant at its rated value
independent of speed. Accordingly, the mechanical power needed by the stator remains
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constant. But the rotor output electrical power and consequently the resultant output
electrical power as well as the total mechanical input power each increase approximately
linear with the wind speed. Both the power coefficient and the tip to wind speed ratio
decrease from the point (An , Coma) downward on the curve Cy(A) until the cut-out wind
speed is attained, all the curves obtained by using matlab programming language [5].

0.5
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Power coefficient

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

Tip to wind speed ratio

0
0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
Per unit wind speed

Fig 5a System steady state performance characteristics
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Fig 5b System steady state performance characteristics
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Fig 5c System steady state performance characteristics
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Fig 5d System steady state performance characteristics
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Fig 5e System steady state performance characteristics
Conclusion

Matching the characteristics of a wind turbine with that of a DOIG was analyticaly
approached and presented. A d.c. module is derived that describe the electrical system steady
state. A mathematical model described the turbine steady state performance is derived using
curve fitting method.

From the mechanical balance a unified model for the electrical system and the turbine is
estimated, this model is solved numerically to obtain the turbine operating conditions under
the specified DOIG control strategy.
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Study the possibility of using Savoniuswind turbinein thelifting
system of wellswater

Dr. Jaafar Ali Kadum

Energy and Renewable Energies Technology Center - University of Technology

Abstract:

Water is the important source of life, and the availability of water has become more crucia
than ever before. The demand for water grows aong with the world's population. The
mankind need of water for irrigate land addition to industrial demand, as well as clean water
for drinking purposes.

This research deals with the study of the possibility of using wind power to generate the
energy needed to raise the wells water for the purpose of agriculture in remote areas. Been
studying different types of wind turbines and water lift pumps,

The selection of appropriate species to build an integrated system, Characterized ssimply
designed and the possibility of building and sustaining at low-cost and simple technique, and
thus chosen the savonius wind turbine and water reciprocating pump suitable fit and match
the turbine work.

Finally mathematical model was constructed for the compatible system of savonius wind
turbine connected to water reciprocating, to calculate the amount of water that can be raised
by this system, depending on wind speed and well water depth and the size of the turbine.
Computational results show that the small savonius turbine size 2m? with suitable
reciprocating pump, can raise the amount of water about 40 m3/ day from awell depth of 10
m at average wind speed of 5m/s.

If it possible to raise this amount of water by a cheap small size smple design and
installation system, at average wind speed of 5 m/s at western lands of Iraqg, thisis considered
as agood achievement.
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1- Introduction:

In addition to the problem of water leakage in the remote area, also the source of energy to
pump water is aso a big problem, developing electrical grids system is often too expensive.
because remote villages are frequently located too far away from existing grid lines and
electrical power stations. Even if fuel is available within the country, transporting that fuel to
remote areas is difficult and the maintenance of the pump engines is really big challenger,
additional to the economical problem of many people.

Wind is apure, clean source of energy that we have been used successfully for long centuries.
Wind machines have been used since ancient times to drive machines to pump water in many
parts of the world. Early wind pumps Persia and China were of the vertical axis wind turbine
type and it is thought the technology arrived in Europe from the eleventh century. [1]

Since the beginning, two types of windmills and turbines have been built to use this
renewable source: some machines with horizontal axis of rotation (HAWT) and some other
with vertical axis (VAWT). Thefirstype isthe most common today, but growing market asks
for machines with different proprieties to fit different wind speeds and engineering requests.
Savonius wind turbines were designed by the Finnish engineer Sigurd J. Savonius in 1922,
but Johann Ernst Elias Bessler (born 1680) was the first to attempt to build a horizontal
windmill of the Savonius type in the town of Furstenburg in Germany in 1745. Savonius
turbines are used whenever the construction cost and maintenance is much more important
than efficiency.[2]

This paper presents a review on the performance of Savonius wind turbines. This type of
turbine is unusual and its application for obtaining useful energy from air stream is an
aternative to the use of conventional wind turbines. Simple construction, high start up and
full operation moment, wind acceptance from any direction, low noise and angular velocity in
operation, reducing wear on moving parts, are some advantages of using this type of
machine.

In genera the wind water pumping system is consist of two main parts first the turbine to
generate the mechanical power, and the second is the water pump, so they must be discussed
separately and then matching them in one system.

A-Thewind Turbines:

Wind power was first used long time ago by many civilizations during mankind history to
produce mechanical energy or for navigation. Only with the use of coal and ail in the last two
centuries its importance decreased, but during the last decades the interest on this topic grew
as much as the possible business around it.
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Classification of the Wind Turbine:

Wind Turbines have various classifications among them, the main classifications being
horizontal axis wind turbine (HAWT) and vertical axis wind turbines (VAWT). Fig(1) show
the general classification of the wind turbines.

1 hlade g
e
Hnn?g_nrnl » bliide
axis
3blade
(or more)
Wind Turbines 2 blade 1 ]
Darrieus 3blade i P ‘
= H Rotor
Vertical axis
2 blade
Savonius
3 blade

Fig.(1) General classification of the wind turbine .[3]

Main Characteristic of horizontal axiswind turbine:

- Higher efficiency than other types.

- Variable blade pitch control which gives the turbine optimum performance.

- Aswind energy increases with height, the tower of the turbine gives access wind speed.
-Dueto inherent large structures, construction costs are very high.

- Wind turbine operation at high speed leads to production of noise.

- Require an additional yaw control mechanism to turn the rotor toward the wind direction.
- more complexity and expansively than vetical type.

Main Characteristic of vertical axiswind turbines:

- not required atower structure, as VAWTS are mounted closer to the ground
- They don't require yaw mechanisms.

- These are located closer to the ground and hence easier to maintain.

- These have lower start-up speeds than their horizontal counterparts.

- These have alower noise.

- Are more efficient in gusty winds.

- Can be significantly less expensive to build.

- simple in design and low maintenances cost.

- have lower efficiency as compared to HAWT's
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- Because of their low height they cannot capture the wind energy at higher altitudes.

Fig. (2) Shows the performance of different types of wind turbines according to tip speed
ratio. Ref.[ 4]

Cp 60 % ] I
1
| Betz efficiency
50% —
3-bladed
airscrcxx> £ 3
40% A , — "
2-bladed
airscrew {‘
30% :

American windmill \ A
Darrieus rotor
20%H

v Dutch four-arm typ
10% - \

0 \

o {1 2 3 4 5 6 1 )

| Savonius rotor |

T

Fig.( 2) Cp-A diagram for different type of wind turbines [4]

This scheme is the result of an extensive study results of various turbine types, as it
demonstrates that the multi blade horizontal axis wind turbines is the most performers from
the other systems. It work at high rotational speed, so it isnot working at low wind speed less
than 4 m/s, so it is unsuitable for Iragi weather in, the chart also shows the multi blade
horizontal wind turbine has high performance at lower tip speed ratio, It is aready frequently
used at medium wind speed. This type needs a tower to lift the rotor as well as system is
needed to direction guide toward the wind, so it is not easy to construct and maintain.
Savonius wind turbine appear as the simplest type and will be selected for many reasons.
When cost or reliability is much more important than efficiency and more it works at low
rotational speed and high rotational torque fits to simple water reciprocating water pump
works.The Savonius turbine is one of the ssimplest turbines aerodynamically, it is a drag-type
device, consisting of two or three scoops. Savonius and other vertical-axis machines are good
at pumping water and other high torque operation, low rpm applications so it is not suitable
for eectricity generation. They can sometimes have long helical scoops to give smooth
torque. Savonius wind turbine work at low tip speed ratio approximately one[4] , so it cannot
rotate faster than the wind speed, Much of the savonius wind turbine swept area near the
ground, making the overall energy extraction less effective due to lower wind speed at lower
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heights. so it can be employed for some purpose such as pumping water or grinding grain.
How can the Savonius wind turbine work, aerodynamicaly because the turbine scoops
curvature, the scoops experience less drag when moving against the wind than when moving
with the wind. The differential drag causes the Savonius turbine to spin. Fig.(3) Show a
simple Savonius wind turbine.

Fig(3) Simple constructed Savonius wind turbine[ 5]

Savonius turbine is the smplest geometry and its construction is cheap. It starts rotating at
lower wind speeds as compared to its counterpart wind turbines, having a high starting
torque. It produces low noise and can make use of the wind flowing in any horizontal
direction to its rotation. However, in spite of these advantages, this wind turbine faces one
main disadvantage of having low efficiency. Fig(4) show the aerodynamic interference and
reaction of the wind with the turbine scoops.

Direction of rotation

Fig(4) The aerodynamic reaction of the wind with the turbine scoops.
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Parameters that affect the performance of a Savonius wind turbine:

There are many parameters effecting on Savonius performance such as the end plates shape,
aspect ratio, buckets spacing, buckets overlap, number rotor stages, Reynolds number, and
turbulence size [4].

B-The Water Pumps:

Water pumping technology developed in parallel with the sources of power available at the
time. Indeed the first process to lift water was by cupped their hands and lifted water from a
stream chose the ‘pumping’ technique appropriate to them. Modern devices such as
centrifugal pumps have reached a high state of development and are widely used, particularly
in developed countries, only because suitable power sources such as diesel engines and
electric motors became available

The use of wind power for pumping water should be feasible if

« winds of at least 2.5-3 m/s are present 60% or more of the time.

* the water source can be pumped continuously without excessive drawdown.

» storage is provided, typically for at least 3 days’ demand, to provide for calm periods
without wind.

* a clear sweep of wind to the windmill is secured, i.e. the windmill is placed above
surrounding obstructions, such as trees or buildings within 125 m.

Types of pumps.

The main applications of pumpsin small community water supply systems are:
* Pumping water from wells.

* Pumping water from surface water intakes.

» Pumping water into storage reservoirs and the distribution system.

Pump classification according to mechanical principles
* Reciprocating piston.

* Rotary fines.

* Diaphragm

* Axial-flow (propeller)

* Centrifugal

* Air lift

Another type of pump with limited application in water supply systems.
Technical information on the water pumps types:

1- Reciprocating (plunger)

Thetype of reciprocating pumps used for small water supplies. there are Several types may
be considered as mentioned in table(1).[6]
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Table(1) Types of reciprocating pumps and there specifications.

Type of pump Depth Characteristics and applicability
range
1. Reciprocating Low speed of operation; hand, wind or motor
(plunger) powered; efficiency range 25-60%
a. Suction Capacity range: 0.5-1 1/s; suitable to pump

Upto7m | against variable heads; valves and pump
buckets require maintenance attendance

b. Suction: treadle Upto6m | capacity range: 0.5-2.5 1/s; mostly used for

pump irrigation but also feasible for water supply if
water is treated

c. Lift (direct action) | Upto15 | Asfor suction

m
d. Low lift: rower Upto 3-6 | capacity: 0.5-2 1/s mostly used for irrigation but
pump m also feasible for water supply if water is treated
e. Lift (high lift) Upto Asfor suction

180+ m

Reciprocating pumps have a plunger (or piston) that moves up and down (reciprocates) in a
closed cylinder for positive displacement of water. On the upward stroke the plunger forces
water out through an outlet valve, and a the same time water is drawn into the cylinder
through an inlet valve. The downward stroke brings the plunger back to its starting position,
and a new operating cycle can begin. Fig.(5) show the principal of pump operation.

Down Stroke Up Stroke

e, -~ .
- ~1

» | — Drop Pipe —_

_~— Pump Rod =5

Plunger
h&% - & Valve

Bottom
- Check
Valve

-

Fig.(5).Show the component of the Reciprocating pumps.[6]
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Because of the fact that the cylinder and plunger are located below the water level, this pump

can lift water from wells as deep as 180 m or even more. The forces created by the pumping
increase with the depth to the water.

2-Diaphragm pump

Diaphragm pumps are positive displacement pumps. There are two entirely different types.
Conventional diagphragm pumps are more commonly used as dewatering pumps than as
pumps for drinking water supply. The main part of the pump isits diaphragm, aflexible disc
or tube made of rubber or metal. Non-return valves are fitted at the inlet and outlet. It can
pump water Up to 45 m Fig. (6) show composition of this pump.

Diaphragm KO) ] )

I

.—‘\/

Fig. (6) Show composition of this pump.[6]

3- Axia-flow pumps

In the axial-flow type of pump, radial fins or blades are mounted on an impeller or whesl,
which rotates in a stationary enclosure (called a casing).it can pump water up to 5-10m, it is
high capacity low lift pumping. Fig(7) show the component of this pump.
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Fig(7) Show the component of axial flow pump.
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4-Centrifugal pumps

The essential components of a centrifugal pump are the impeller and the casing as shown in
Fig.( 8). Theimpeller is awheel with vanes radiating from the centre to the periphery. When
rotated at a suffi-ciently high speed, the impeller imparts kinetic energy to the water and
produces an outward flow due to the centrifugal forces. The casing is so shaped that the
Kinetic energy of the water leaving the impeller is partly converted to useful static head

pressure. Technical information of centrifugal pump are mention in table(2) [6].

Table (2) Types and technical information of centrifugal pumps.

4. Centrifuga Depth High speed of operation - smooth, even
range discharge; efficiency (range 50-85%)
depends on operating speed and pumping
head
a. Single-stage 20-35m | Requires skilled maintenance; not suitable

for hand operation; powered by engine or
el ectric motor

b. Multi-stage shaft-driven 25-50m

Asfor single stage; motor accessible,
above ground; alignment and lubrication of
shaft critical; capacity range 25-10,000
I/min

c. Multi-stage submersible 1550 m

High capacity at low lift; very low
efficiency especially at greater lifts; no
moving partsin the well; well casing

IMPELLER

Fig.( 8).The essential components of a centrifugal pump. [6]
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Comparison and pump selection:

In selecting a pump type for a specific purpose the following technical criteria need to
be considered:

* Rate volume of delivery water required.

* Vertical distance from pumping level to delivery level.

* Durability of basic components (including corrosion resistance)
» Weight of below ground parts

* Availability and cost of spares

* Ease of maintenance

From the previous pump technical specification, the lift reciprocating pumps is simple in
design, maintenance, cheap in cost, operate at low rotational speed, high efficiency it is
suitable for Savoniuswind turbine[7] ,[8] .

2- Theory:

Kinetic Energy in the Wind
The kinetic energy of air mass moving at a velocity can be expressed mathematically asis Eq

(1).

E:%mu2 ........................ (1)
oE
:E ............................. (2)

Where E isthe kinetic energy,u isthe air velocity, and P is the extracting power.

The rate of change of kinetic energy of the air flowing at a certain velocity v through a
certain volume is the power possessed by the moving wind. This is the amount of wind
energy passing through cross-section per unit time.

At acertain given velocity v,

It isthe wind flowing energy at a certain velocity v.

Wind energy converters using aerodynamic drag:
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The first fundamenta difference which considerably influences the actual power depends on
which aerodynamic forces are utilized for producing mechanical power. All bodies exposed
to an airflow experience an aerodynamic force the components of which are defined as
aerodynamic drag in the direction of flow, and as aerodynamic lift at a right angle to the
direction of flow. The rea power coefficients obtained vary greatly in dependence on
whether aerodynamic drag or aerodynamic lift used Fig.(9) show the simple representation of
the drag machine. [9].

Fig.(9) Wind Flow conditions and aerodynamic drag forces.

The air push the surface A with air velocity u, the power capture P of which can be
calculated from the aerodynamic drag D, the area A and velocity u, with which it moves:

The relative velocity u, =u,, —u which effectively impinges on the drag area is decisive for

its aerodynamic drag. Using the common aerodynamic drug coefficient Cq, the aerodynamic
drag can be expressed as:

D=CD%(UW—U,)2F .................. (7)
Where Q isthe free-stream airflow. The resultant power is:
F>=c:[,%(uw—u,)2Aur (W).eorenee, (8)

If power is expressed again in terms of the power contained in the free-stream airflow, the
following power coefficient is obtained:

P QCDA(uw _ur)zur
Co=— =2 T 9)
Po u, A

2
Analogoudly to the end approach described before, it can be shown that C, reaches a

maximum value with avelocity ratio of % = %’ . The maximum valueis then.
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4

C =—C 10
P.Max = 5y D (10)

The order of magnitude of the result becomes clear if it is taken into consideration that the
aerodynamic drag coefficient of a concave surface curved against the wind direction can
hardly exceed a value of (1,3). Thus, the maximum power coefficient of a pure drag-type
rotor becomes:

Comae 0.2t (12)

For horizontal wind turbine the max. power coefficient at Betz’s limit C, = 0.593

Water Demand:

Planning a water supply system depends mainly on water demand. The level of water demand
is the sum of supplying water for villages, livestock, and irrigation. Water demand for a
village is estimated from population size and daily per capita water consumption. Once these
factors are known, daily demand can be estimated. Daily water demand does not provide
enough information though, because water consumption varies over 24 hours. Peak hour
demand has to be estimated for a water supply system to be reliable any time of the day. The
peak hour demand is the hour when water consumption is the highest, usualy at noon. In
contrast, consumption is usualy lowest at night. Estimating water demand for livestock is
similar to figuring the water supply for avillage. Water demand is estimated from the number
of cattle and other animals using the system, multiplied by per capita water consumption.
Typica daily water consumption for farm animalsis presented in table (3).[10]

Table (3) Typical daily water consumption for farm animals.

Type of animals Daily water consumption (liter/animal)
Dairy cow 80

Beef brood cows 50

Horses and mules 50

calves 30

Sheep and goats 10

chickens 0.1

water demand for various types of crop irrigation is presented in Table( 4).

Table(4) Estimated maximum daily water demand for various types of crop irrigation.

Type of crops Daily water requirement (m>/1000m?)
Rice 10
Cereals 4.5
Sugar cane 6.5
Cotton 5.5

Asagquiddine, the following steps can be used to estimate the water demand for crop

irrigation.

1. Determine the size and shape of theirrigation plot.
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2. Estimate the water resources and the wind and solar energy resources of the area.
3. Determine the type of crop that will be harvested on the plot.

4. Estimate the water demand from Table (4).

To find the relation shape between the amount of water delivery from the well pump
powered by the wind energy as the follow.

Power obtain from the Savonius wind turbine = Power required to rise the water from the
well.

Pwindturbine = pRisewater
1 .
5 arCo Al Bind = Voo T et INQyy v (12)

%x 1.2x0.2x A, U>ins = 0.6x10°x9.81xhxQ,,

3
SO, ~ 2><105A‘”';Ax86400 ........ m®/d

well

. Aur. Sui 3
Q,~1728 "= mPid ... (13)
g

3- Result:

Savonius wind turbinesis relatively low efficient than other type wind turbine, so it can be
used whenever the low construction cost and maintenance is much more important than
efficiency.

The quantity of water pump depends on the turbine projection area and cubic of the wind
speed and inversely to the water well depth.

For example a Savonius wind turbine of 1m? size at 5m/s mean wind speed can produce
40m>/d at well depth of 10m.

Computational results show that the amount of water extracted by the small Savonius turbine
system is practice acceptable and due to the fact that the low construction costs and locally
available technology, this requires building a small size model and experience in one of the
farmsin the desert of Iraq.

3- Conclusion:

Mean wind speeds of 4 m/s are available over 50% of Iraq lands, which is suitable for wind
water pumping, while there are wide region in the west of Iragi lands that has awind speed
up to 5m/s, which is excellent suitable for water well pumping.

The performance of Savonius turbine can be developed, from about Cp= 0,210 0,.4 by
optimizing rotor design. There are many parameters effecting on Savonius performance such
as the end plates shape, aspect ratio, buckets spacing, buckets overlap, number rotor stages,
Reynolds number, and turbulence size.

According to the available wind velocity which is very low, it’s very difficult to design the
blade profile using the metal. Thus we must decided to use plastic material asits density is
much more lower than the metal, as using the plastic barrels which has a good ability for
weather wear resistance.
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increase the capacity of the system is by increasing the turbine size according it is directly
proportional relationship, therefore there are no limits viability of this system to produce the
required quantity. Proposed building basin to store water for the period low wind speeds.
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Effect of Magnetic Field on the Fuel Consumption and Exhaust
Emissionsin Internal Combustion Engine (C. I. Engine)

Dr. Adil Mahmood Salih Eng. Mohammed Kadhim Allawi
Machines & Equipment Eng.Dept Technical College Baghdad Foundation
University of Technology of Technical Education
Abstract

The combustion efficiency in most internal combustion engines are not up to (90%)
so that a part of the fuel does not burn and comes out with the exhaust gases, leading to
increase flowing fuel consumption and increasing emissions in the atmosphere.
Therefore, severa attempts have been made to increase the combustion efficiency and
reduce emissions. The phenomenon is clear at the maximum load. In this work a new
way to reduce the fuel consumption by using magnetic field, to ensure the complete
combustion. This leads to obtain a maximum thermal efficiency and reduce the emissions
by subjecting the fuel to force magnetic flux of the magnet installed at the entrance of the
of fuel flowing, leading to more efficient combustion. From the experimental results, a
reduction in the fuel consumption (L/h) in compression ignition engine (C.1. engine) was
obtained up to (3%), brake specific fuel consumption (bsfc) up to (2.877%) and brake
thermal efficiency raised to about (3%). The exhaust gas emissions showed a reduction
nearly by (13.8 %) of CO, (7.8 %) of CO2 and (10.8%) of HC. Lotus engine simulation
(LES) program was used to study the effect of same parameters in experimental testing,
this program gives the best performance of engine at maximum brake power, and the
same input data given to the program is taken from the results of experimental results.
For fuel consumption (L/h) for (C.1. engine) for two different values of (A/F), the use of
magnetic field reduced the fuel consumption to about (2.83%). For brake thermal
efficiency for (C.I. engine) for different values of (A/F), brake thermal efficiency for
higher (A/F) increased. For (C.I. engine) using different values of the cetane number
(48.5, 50, 55), when the cetane number increased, the brake specific fuel consumption
(bsfc) decreased compared with other values of cetane number. Brake specific fuel
consumption (bsfc) decreased but is very low when density changes of diesel fuel during
the days of the week.
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Nomenclature

Symbol Meaning Unit
AlF Air tofue ratios
bp Brake power KW
bsfc Brake Specific fuel | kg/(kW.hr)
consumption
CO Carbon monoxide
CcO2 Carbon dioxide
C.l.engine Compression

ignition engine

HC Unburned ppm
hydrocarbons
ho Differential cm
manometer
ma Air massflow rate kgsec
mf Fuel mass flow kgsec
rate
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INTRODUCTION

Since the invent of the internal combustion engine in the late 19th century, a great number
of research studies have been conducted to improve the engine performance, decrease the
engine fuel consumption and reduce the unwanted exhaust emissions. Emissions and fuel
consumption are two major worldwide environmental century. Given the large number of
vehicles manufactured worldwide (estimated 15-20 million road vehicles per year);
trangportation is one of the largest sources of both emissions and fuel consumption in the
world. One magjor solution to decrease emissions and fuel consumption in transportation is the
use of cleaner and more efficient combustion in engines. Many of experimental studies which
present evidences of the benefits of magnetic treatment were occurred. For motor vehicles,
much fuel economy and noticeabl e soot suppressions could be approached when the magnetic
treatment was introduced [1]. Charles H. Sanderson [2], 1977. In his invention, he showed a
method and apparatus for treating liquid fuel in an internal combustion engines by passing it
through a magnetic field prior to mixing it with air in the carburettor or the fuel injector.
Farrag A.El Fatih, Gad M.saber [3]. Experiments revea that the magnetic effect on fuel
consumption reduction was up to 15%. CO reduction at all idling speed was range up to 7%.
The effect on NO emission reduction at all idling speed was range up to 30%. The reduction
of CH4 at all idling speed was range up to 40%. The experiments of Faris et.d, [4], 2012,
research comprised the using of permanent magnets with different intensity (2000, 4000,
6000, 9000) Gauss, which installed on the fuel line of the two-stroke engine, and study of its
impact on gasoline consumption, as well as exhaust gases. For the purpose of comparing, the
results necessitated the search for experiments without the use of magnets. The overall
performance and exhaust emission tests showed a good result, where the rate of reduction in
gasoline consumption ranged between (9-14) %, and the higher the value of areduction in the
rate of 14 % was obtained using field intensity 6000 Gauss as well as the intensity 9000
Gauss. It was found that the percentages of exhaust gas components (CO, HC) were
decreased by 30%, 40%, respectively, but CO_2 percentage increased up to 10%. Al-Dossary
, Rashid [5] , studied the effect of magnetic field on internal combustion engine with
unleaded gasoline .Al-Dossary found that the effect of magnetic field on CO was the most
significant at most engine's loads and speeds.

2- Methodology

The effect of the magnetic field on fuel (diesel Iragi) used in the engines and its impact
on the amount of consumption, as well as emission of exhaust gases, the appropriate method
was examined. We include below the description of the materials and equipment used.

2.1. Magnetic devices

Magnetic devices Fig (1) used in this research were manufactured in the U.SA.
Accepted Laboratory Tested EPA. The fuel is subjected to the lines of forces from permanent
magnets mounted on fuel passage lines. The magnet for producing the magnetic field is
oriented so that its (South Pole) is located adjacent the fuel line, and its (North Pole) is
located spaced apart from the fuel line. Applying a magnetic field to ionizing fuel to be fed to
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combustion devices, one can ensure more complete combustion, obtaining a modification of
the fuel economy, improving the fuel efficiency and reducing polluting emissions.

Fig (1). The Magnetic devices

2.2. Engine

The engine used in the experimental work is compression ignition engine (C.l. engine)
type (FIAT) model (TD133), 4 cylinders, 4 strokes; the displacement volume at this engine is
(3.666L). The engine was coupled to a hydraulic dynamometer to measure the brake torque.
Fig (2) shows the experimental rig of (C.l. engine), and table (1) lists the main technical
specifications of this engine.

2.3. Measurement of brake torque

The hydraulic dynamometer, type [isi lingegneria didattica] was used to measure the brake
torque of (C.I. engine) by using friction fluid. Water was used as the friction fluid.

2.4. Fuel consumption

The glass tube, was used to measure the fuel consumption of the (C.I. engine). This glass
tube has a constant volume (100) ml, and a stop watch was used to measure the fuel
consumption of this volume.

2.5. Air consumption

The air supplied to compression ignition engine was measured by use an air box, orifice
and the manometer used to measure the pressure differential between the atmosphere and
pressure in the air box.

2.6. Measurement of engine speed (rpm)

The measuring of the engine speed of compression ignition engine (C.1. engine) was carried
out by using instrument tachometer used to measure the rotation speed of a shaft engine. This
instrument usually displays the revolutions per minute (rpm). Tachometer has been fixed the
shaft engine test rig by coupling.
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2.7. Gas analyser

The exhaust gas analyser type (2000-4) was used to analyse the emissions of exhaust, as
shown in Fig (3). The analyser detects the CO-CO2-HC contents.

2.8. Cdlibration

To ensure that all the data read from the measuring devices are correct, a calibration was
doneto all measuring device.

Fig (2). The experimental rig
of (C.I. engine)

Fig (3) .The exhausts gas analyser
type (mod 488 Italy)
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The following equations were used in calculating engine performance parameters:. [6]

1- The brake specific fuel consumption.
_mf
bsfc =7--x 3600 .....(1)
2- Brakethermal efficiency is defined asin Eq.

__ bp
mbth ——Fr )

3- Air mass flow rate

12vV(h_o)
3600

ma,act = b G 7 1 1 )]

4- Fuel mass flow rate

vfXx107°

mf= Py pr (4)
5- Air-fuel ratio
ma
A/F_T;‘F ................ (5)

6- Brake power

_ 2WXNXT
60x1000

3- RESULTS and DISCUSSIONS

The experimental and engine simulation results of fuel consumption, break specific fuel
consumption, break thermal efficiency and emission were discussed.

3.1. Experimental results
To demonstrate the impact of the use the magnet experiments were conducted in two groups.
Group 1:-

Experiments were carried out without using of magnets at a different speed at full load as
shown the Fig (4).

Group 2:-

Experiments were carried out using the magnet as shown in Figure (5) for the same speed
names in the first groups.
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Figure (6) represents the amount of fuel consumed (L/h) with the engine speeds for (C.I.
engine) for using magnetic field and without. The values of fuel consumption (L/h) increase
when the engine speeds are increased .By using of a magnetic field, the amount of consumed
fuel (L/h) isless than without using by about (3%).

Figure (7) shows the relation between brake specific fuel consumption (bsfc) and engine
speed with using magnetic field and without of (C.I. engine) . It can be seen that the brake
specific fuel consumption (bsfc) decreased nearly by (N=1600 rpm), and when the magnetic
field was used, this reduction was measured to be approximately by (2.877%).

The brake thermal efficiency results are shown in Fig (8) of (C.1. engine) for different engine
speeds. The using of magnetic field increased the brake thermal efficiency by about (3%),
and the maximum value of the brake thermal efficiency for using of magnetic field operation
isat (N= 1600 rpm).

Figure (9) shows the effect of magnetic field on the present of (CO) of the (C.I. engine),
indicating that the present of (CO) decreases when the engine speed is increased, and the
using of magmatic field reduced the amount of the present of (CO) by about (13.8%).

It was found that the reducing percentage of the gases (CO2 and HC) were up to (7.8%,
10.8%), respectively for the (C.I. engine), as shown in Figures (10) and (11).

3.2. Engine simulation results

Engine performance including ,fuel consumption (L/h), brake specific fuel consumption
(bsfc) and brake thermal efficiency were studied using leaded diesel fuel with and without
magnetic effect. Figure (12) show the network of (C-1- engine) used in this study.

-

Fig (12). The network model of (C-1- engine).

Figure (13) shows the relation between the fuel consumption (L/h) and engine speeds with
two different values of air to fuel ratio [A/F =32.8, the average value of air to fuel ratios of
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the experimental results of testing without using magnetic field] and air to fuel ratios [A/F
=33.86, the average value of air to fuel ratios of the experimental results of testing with using
magnetic field] for (C.I. engine), the using of magnetic field (A/F =33.86) reduced the fuel
consumption by about (2.83%).

The comparison between the engine simulation and the experimental results the Fig (14)
show the relation between (mf) and engine speed of (C.1. engine) working at max loading
.From Fig (14) the trend of curvesis similarly to the (N=1800 rpm) .

Figure (15) shows the relation between brake thermal efficiency and engine speed for
different values of (A/F), we can see from Fig (15) that the brake thermal efficiency is higher
for (A/F) (33.86) than (A/F) (32.8), and the max value of brake thermal efficiency is at
(N=1600 rpm).

Figure (16), for three different values of cetane number (48.5, 50, 55), table (2) and at (A/F=
25), it is noted that when the cetane number increased, the fuel consumption decreased as
compared with the other values of cetane number.

Figure (17) clarifies the effect of brake specific fuel consumption (bsfc) on engine speed for
different densities of diesdl fuel during the days of the week, density of diesdl fuel was
provided from (AL- Najaf) refineries as shown in table (3). In Fig (17) the effect of changing
the densitiesis very low upon (bsfc).

4- CONCLUSIONS

4.1. Experimental Conclusion

1- For fuel consumption (L/h) with the engine speeds, for (C.l. engine) using magnetic
fields, the amount of consumed fuel (L/h) isless than without using by about (3%).

2- For Brake specific fuel consumption (bsfc) with the engine speeds, for (C.I. engine)
using magnetic fields, the amount of (bsfc) is less than without using by about
(2.877%).

3- Brake thermal efficiency with the engine speeds, for (C.I. engine), was relatively
improved with the magnetic field intensity by about (3%).

4- Focusing on emission, it was found that CO of the (C.I. engine) decreased when the
engine speed was increased and the using of magmatic field reduced the amount of
the present of (CO) by about (13.8%).

5- For (C.I. engine), the present of (CO2and HC) by using magmatic field was lower
than without using by about (7.8%, 10.8%), respectively.
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4.2. Engine simulation Conclusion

1- For fue consumption (L/h) with the engine speeds for (C.1. engine) with two different
values of (A/F), the using of magnetic field (A/F =33.86) reduced the fuel
consumption by about (2.83%).

2- Concerning the fuel consumption (L/h) and engine speeds for (C.1. engine), when the
cetane number increased, the fuel consumption decreases as compared with other
values of cetane number.

3- For brake thermal efficiency with the engine speeds of (C.I. engine) for different
values of (A/F) brake thermal efficiency was higher when (A/F) increased.

4- For brake specific fuel consumption (bsfc) and engine speed of (C.l. engine) when
changing the density of diesel fuel during the days, the effect of changing the density
was very low upon (bsfc).

References

1-S. Mingdong etal, study on the Combustion Efficiency of Magnetized Petroleum Fuels,
Chinese Science Bulletin, (1984),

2- Charles H. Sanderson. Method and apparatus for treating liquid fuel .U.S. Pat. 4,050,426
.Jun.23, 1977.

3-Farrag A.El Fatih,Gad M.saber "Effect of Fuel Magnetism on Engine Performance and
Emissions’, Australian Journal of Basic and Applied Sciences, 4(12): 6354-6358, 2010.

4- Ali S. Farisa, Saadi K. Al-Naserib, Nather Jamal, Raed Isse, Mezher Abed, Zainab Fouad,
Aked Kazim, Nihad Reheem, Ali Chaloob, Hazim Mohammad, Hayder Jasim, Jaafar Sadeq,
Ali Sadim, Aws Abas, " Effects of Magnetic Field on Fuel Consumption and Exhaust
Emissions in Two-Stroke Engine". 18 ( 2012 ) 327 — 338 .

5- Al Dossary, Rashid. M. A., "The Effect of Magnetic Field on Combustion and Emissions’,
Master's Thesis, King Fahd University of Petroleum and Minerals, 20009.

R il

130



NATIONAL RENEWABLE ENERGIES CONFERENCE AND THEIR APPLICATIONS 2013
Ministry of Higher Education and Scientific Research -University of Technology
Energy and Renewable Energies Technology Center

2013 Wgihiudiy sasaiall B i glf yaigal)

Lp o1 i) Aalal) _ palal) Gingl) g Mald) agleil) 5 35
asadiall culdUal) g dBUal) Lia ol 5S35 38 5a

Table (1)
FIAT diesd
engine
Engine type 4cyl., 4-stroke
Engine model TD 313 Diesdl
enginerig
Combustion type DI, water
cooled, natural
aspirated
Displacement 3.666 L
Valve per cylinder two
Bore 100 mm
Stroke 110 mm
Compression ratio 17
Table(2)
Cetane number 48.5 50 55
Relative Densitvat 15¢ | 0.838 | 0.846 | 0.856
(g/ml)
Lower heating value 42360 42870 | 43180
KIKg)
H/C Ratio 1.8 1.87 1.99
Alkaline % 72 80 96
Olifines (%) 2 1 B
Aromatics (%) 26 19 2
Table (3)
Typeof | Type of Sat Sun Mon Tue Wed The Fri
prod | prod. Test
Gasail Density 841.8 843.3 845.9 843.8 842.3 843.3 842.8
Kg/m"3
@15C
Cetan NO | 56.0 56.0 56.0 56.0 56.0 56.0 56.0
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Magnet
installed in the
Fuel supply end

pipe

Fig (4) Magnet installed in the fuel
supply end pipe

Fuel supply
pipe

Fig (5) The Fiat compression ignition
enginerig
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System Sizing of Solar Water Heating System in Iraq
Al-Sudany Naseer K. @ | Al-Saady Ahmed F. @, Al-Sudany AlaaH. @
W Ministry of electricity, Renewable Energy and Environment Center.

@Al-Mustansiriyah University, College of Education, Physics Department.

Abstract

This research aims to introduce solar water heating system in Iraq domestic sector,
residential sector, public sector, industrial sector and government sector in order to reduce the
load from the national e ectricity grid. In this research the consumers were classified into five
groups depending on number of persons in their families which were (2-4), (4-6), (6-8), (8-
10) and (10-12) persons and calculate the required energy to heat the water for each month
and for al groups. After that the resulted energy from the solar water heating system was
calculated. Finaly, the required area of solar heater was calculated for each group. The
results indicated that the total saving energy by using solar heaters for three million consumer
is about (10TWh) for residential sector and (3TWh) for the governmental sector which can
cover load about (2200 MW) and work 24h daily during the year.

This can be represented 1/3 of total production power at the present time. From the
economic point of view, the calculations appeared that the return of investment (ROI) for all
solar heaters at work operation time reach to only 26 months depending on the price of on
solar heater which about 750$, and can save 1.2 billion dollars each year by work of these
systems which was calculated depending on the price of electrical energy kWh which about
10 cent/kWh.
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1. Introduction

The human comfort and adaptation to every existing condition of any context has
been always the main reason for the investigation and research of new technologies which
will assist the way of living and consequently to lead to further development [1]. Fossil fuels
are consumed at greater rate than formed now in Earth layers under heat and pressure and
will disappear completely after some definite time period in the future. Energy consumption
worldwide is around 10 billion tons of coal equivalents per year. The share of oil in tota
consumption is 40%, share of gas and coil are 50% [2]. adverse influence of energy
production processes and combustion of transport fuel on environment grow, causing the
raise of greenhouse gas (GHG) emissions and global warming, acids rains, growth of air,
water and earth pollution, etc [3]. In accordance with the forecasts, concentration of CO, will
rise by 75-350% in 2100 as compared with the level as of 1850 that cause to increase the
temperature of the atmosphere near Earth's surface [4].

The energy sector has to put efforts in renewable energy as well as energy
optimization measures. Renewable energy, such as wind power, solar (heat & power),
geothermal (heat & power), can take the place of current primary energy supply sources or
improvements can aso be made in energy conversion, transportation and distribution. There
is alarge theoretical potential to use solar energy to cover heat demandsin buildings [1]. The
impacts on environment are significantly less from renewable energy sources compared with
impacts caused by combustion of fossil fuels [5].

Since Iraq receives high solar radiation about 2000kWh/m?/year, it is therefore
necessary to go to the solar energy technologies options instead of conventional sources of
energy to support the Iragi economy and to reduce the potential on the Iragi National
Electricity Grid by using thermal solar energy and photovoltaic conversion [6]. Solar
collectors are the heart of most solar energy systems which absorbs the sun's light energy and
changes it into heat energy. Domestic hot water is the second-highest energy demand in the
typical household in al over the world [7].

Today solar water heating systems are being used for single family houses, apartment
buildings, schools, car washes, hospitals, restaurants, agricultura farms and different
industries.
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2.Thelntensity of Solar Radiation in Iraq

The rate at which solar energy enters a collector aperture, divided by the aperture area
is caled the aperture irradiance [8].Theoretically Iraq is considered at the second level of
solar exposure radiation. The daily averaged solar insolation map of Irag can be shown in
figure 1 which have established that almost al of Iraq has the potential areas for establishing
large — scale solar utilities, thus, the annual average of energy received daily from the sun
ranges between 4.5 — 5.4 kWh/m? and in Baghdad is about 5 kWh/m? which make Iraq is
among the most suitable countries for solar applications [9]. solar radiation in Baghdad are
listed in table 1.
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Figure (1) Daily-averaged solar insolation for different locationsin Iraq [9].
Table(1): Average daily and annually global horizontal solar radiation in Baghdad [10]

Month Se | Oc | Nov | Dec| Ja| Fe | Mar | Ap | Ma | Annua
p t n b r y I

Insolation kWh/m?/day | 5.8 | 5.0 | 432|4.25| 46|56 | 56 | 50| 52 | 1360
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3.Flat Plate and Evacuated-T ube Solar Collectors

There are many types of solar therma collectors, such as concentrating solar
collectors, Flat-plate thermal solar collector and Evacuated-Tube Collectors [8]. Each
evacuated tube consists of two glass tubes made from extremely strong borosilicate
glass. The outer tube has very low reflectivity and very high transmisivity that
radiation can pass through. The inner tube has a layer of selective coating that maximizes
absorption of solar energy and minimizes the reflection, thereby locking the heat. The
ends of the tubes connected to the copper header are fused together and a vacuum is
created between them. The vacuum is created as an insulator and does not allow short
wave radiation to escape through the glass tube. This process isshown in Figure 2. The
absorber plate is mostly of auminum or copper that painted black so asto alow it to
absorb maximum amount of solar radiation [11]. The selective coating enables the use of
the solar energy spectrum to generate heat. This produces greater thermal efficiency in bright
sunshine but aso gives high efficiency in diffuse sunlight conditions [12].

Hiat trangfer

Sodar energy
abaarbed by
ovaguated fube .

Figure (2) Design and working of evacuated (or vacuum) tubes pane[11].

by hizat plyse

Evacuated tube collectors are superior to flat plate collectors in a number of ways [13]:
1. Dueto the cylindrical shape of the evacuated tube, the sun is perpendicular to the surface

of the glass for most of the day. Flat plate collectors have the disadvantage that the sun is

139



NATIONAL RENEWABLE ENERGIES CONFERENCE AND THEIR APPLICATIONS 2013
Ministry of Higher Education and Scientific Research -University of Technology
Energy and Renewable Energies Technology Center
2013 gkt Basaiall B (b gl) yadpal)
Aoa ¢l gical) daalal) -g—dﬂ\ C@d\\gg}u—“ addadll 3 39
aaaiall cildlal) g A8Ual) L o) 635 S 5a

only perpendicular to the collector at noon and thus a proportion of the sunlight striking
the surface of the collector islikely to be reflected.

2. Asthe name suggests, air is evacuated from the evacuated tube to form a vacuum. This
greatly reduces conductive and convective heat losses from the interior of the tube. As a
result, wind and cold temperatures have minimal effect on the efficiency of the evacuated
tubular collector.

3. Suntrap all-glass evacuated tubular collectors can be used in subzero temperatures
without the system sustaining damage. Flat plate systems often require expensive and
complicated "antifreeze" systemsto be installed.

4. Evacuated tubes are strong, long lasting, inexpensive if one of the tubes is broken, and
easy to replace.

5. Due to the high efficiency absorption of solar radiation even during overcast conditions,
combined with excellent insulation properties of the tube, evacuated tube collectors will
heat water al year round (back-up heating system required for particularly overcast or
rainy weather).

6. Due to the various advantages of evacuated tube collector over flat plate collectors, a
smaller collector can be used to provide the same heating performance. Flat plate solar
collector can produce similar heat output to evacuated tubular collector, but generally
only during warm, still, sunny conditions. When averaged over an entire year, evacuated

tube collector heat output per net m? of collector area, is superior to flat plate.

4. Energy Balance of Solar Water Heating

The most important problems which determine the feasibility of using solar water
heating is the energy balance for effective working of this system. The convert of incident
solar energy on solar water heating collector into heat energy depends on many factors, the
most important of them is:

Solar collector efficiency.

Solar collector area.

Size of water that required to heat.

The required temperature.

The work efficiency of solar collectors is related to the type of technology which
determine the thermal and optical efficiency that associated the conversion of solar energy
into heat. In general, the optical losses is about 20% from the incident solar radiation by
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reflection and absorption from the optical window of solar collector. While the thermal losses
depends in most cases on type of technology. Thus, for flat plate collector it reach to 40%,
but for evacuated tube collector is 25% and for heat pipe collector is 10%.

5. Design Calculations of Solar Water Heating system

It can get high benefit from solar heater when the design calculations are used according
to the ambience that the system installed in it. In this research evacuated tube solar water
heater was used in calculations which the most computable for Irag ambience. The primary
calculations can be summarized into the following steps:

Calculate the volume of daily required hot water.

Calculate the required energy to heat the water (kwWh).

Guess the losses of energy resulted from store the hot water (kWh).
Cadlculate the final size that required from solar collector.

5.1 Deter mine The Daily Hot Water Demand

The daily required of hot water can be classified according to the need of personsinto
three primary groups as in the following:

Little use that the human can use about 10-20 liter every day.
Middle use that the human can use about 20-40 liter every day.
extreme use that the human can use about 40-80 liter every day.

In this research the consumers were classified into five groups depending on number of
persons in the family, these groups were (2-4), (4-6), (6-8), (8-10) and (10-12) persons,
where the daily required of hot water was calculated for each group depending on the average
using, after that the required energy to heat the water was calculated for each month from the
nine months and for all groups of consumers depending on the following parameters.

The volume of required hot water.

The temperature of required water which about 60°C.

The temperature of supplied water to solar collector which vary from month to
other.

The quantity of daily required energy to heat the required water can be calculated by
using the following equation [14]:

Qmw = Vhw Cw AT (Wh/day) @)
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Where Vy, is the volume of hot water (kg), Cyis the specific heat capacity of water
and AT is the difference between ambient water temperature and required temperature. The
minimum ambient temperature in Baghdad are listed in table 2.

Table(2): minimum ambient temperature for Bagdad [15]

Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May

Feeding water Temp | 23.0 | 19.0| 120| 6.0 | 40 | 50 | 9.0 | 150 21.0

5.2. Required Area of Solar collector

The required area of solar collector can be calculated depending on resulted energy
from solar energy by using Heat Pipe Evacuated Tube Solar Water Heater System, Evacuated
Tube and Flat Plat Solar Collectors which have efficiencies (70-75%) and can get 1000
kWh/m?270day, (50-60%) and can get 800 kWh/m?/270day and (35-40%) and can get 540
kWHh/m?/270day, respectively by using the following equations [16]:

Ao = — 2L = mg 2

Nsolar Imax Qsc

Where A, is the required solar collector area, Qyrq is the yearly required energy to heat the
water, nso1ar SOlar collector efficiency, I,,,x maximum solar radiation and Qg is the yearly
energy gein by solar collector for each squere meter which depends on the collector type.
Annua energy savings (electricity in this example) can be estimated using the following
equation [16]:

Es = Ax lave Nsola365 / Naux (3)

Where Es isannua energy savings [KWhiyr], | ae is average solar radiation [kWh/m?/day]
and nax IS auxiliary heater efficiency which assume 0.88 for electricity.

5.3. Storage L osses

To decrease the thermal losses resulted from store 200 liter hot water for one or two
days, it isimportant to use Stratification procedures as in the following:

It must avoid the mixing of hot with cold water in storage tank.
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Ideally, the storage tank must have large length and small diameter.
The ratio between the high to diameter for storage tank must be 2.5:1.

It must use insulator with very high quality, i.e, High insulation levels Losses of
1.08kwWh/L/annum.

6. Results and Discussions

6.1. Evaluate The Daily Hot Water Demand Ener gy

The results of average daily of required energy for different volumes of hot water according
to the consumers classification ae shown in figure 3. The results
showed that the average required energy to heat water with volume 200 liter to 60°C for (6-
8) persons family is (12.24 kW/m?/day), whereas the required energy to heat the same
guantity of water for needed season which about 270 day from September to May is (3300
kWh/m?270day) when the thermal losses caused by energy storage was not take into
account, but after the thermal losses enter to the calculations which about 216
kWh/m?270day the overall required energy to heat 200 liter became 3500 kWh/m?/270day.
The results also indicate that the maximum required energy to heat required water is 13
kWh/m?270day at January because of the ambient temperature is minimum value at this
month.

25

20

15 W Qhw(Vhw=100L)
Qhw(Vhw=150L)

10 Qhw(Vhw=200L)
Qhw(Vhw=250L)

> 7 Qhw(Vhw=300L)

O 4

Sep Oct Nov Dec Jan Feb Mar Apr May
Month

Figure (3): Average daily required energy for different volumes of hot water (kWh)

143



NATIONAL RENEWABLE ENERGIES CONFERENCE AND THEIR APPLICATIONS 2013
Ministry of Higher Education and Scientific Research -University of Technology
Energy and Renewable Energies Technology Center
2013 Loty Basalial) Bl (gl sl 5all
A ol gigall daalal) -ealad) Giagll g Mad) aslail) 3 )39
aaadal) clBlalf g A8Ual) L ol 93K5 35S ja

6.2. Required Area of Solar collector

The results appears that the required solar collector area to cover the need of (6-8) persons
family with volume of hot water 200 liter are 3.5 m? of Heat Pipe Evacuated Tube Solar
Water Heater System, 4.4 m? of Evacuated Tube collector and 6.5 m? of Flat Plat Collectors
according to the following calculations:

Flat Plate: 540kWh/m?year = 3500/540 = 6.5m?

Evacuated Tube: 800kWh/m?/year = 3500/800 = 4.4m?

Heat Pipe Evacuated Tube: 1000kWh/m?/year = 3500/1000 = 3.5m>.
Other results of calculations are listed in table 3 and are shown in figure 4.

Table(3): Solar collector area calculated for different Iragi families

Consumer Hot Losses Req. Req. Collector | Collector | Collector
(person) | Water | Energy | Energy | Energy | Aream? | Aream® | Aream’
Vol. L | kWhlyr. | kWhlyr. | kWh/yr. ETC ET FPC
2-4 100 108 1650 1760 1.7 2.2 3.25
46 150 162 2480 2640 2.6 3.3 4.88
68 200 216 3300 3500 35 4.4 6.5
8-10 250 270 4140 4400 4.4 55 8.14
10-12 300 324 5000 5300 5.3 6.6 9.8
12
10

@©

e

@©

[e]

g 6 A === Asc (ETC)
(3]

S ,./,..,/’ —e— AscET)
o 4

N ,'//.7/ Asc (FPC)
B <

a2

0 T T T T T T 1
0 50 100 150 200 250 300 350

Hot water volume (L)

figure(4): Required solar collector area calculated for three types with different Iragi families
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6.3. Storage L 0sses

depending on the area of required solar collector and the average daily of solar
radiation that incident on Baghdad, the resulted thermal energy from solar energy was
calculated. The results indicate that this energy was agreement with required thermal energy
for heat process. Table 4 demonstrate the average daily solar energy resulted from solar
collector by using Heat Pipe Evacuated Tube Solar Water Heater.

Table(4): Collected solar energy for different Iragi families by using Heat Pipe Evacuated
Tube Solar Water Heater.

Area(m | Sep | Oct | Nov |[Dec |Jan |Feb |Mar | Apr | May Annual
2) (kWhlyr.)
1.7 69 | 595 | 55 | 54 | 586 | 714 | 7.14 | 595 | 6.18 1680
2.6 105 91 | 842 | 83 9 1091 109 9.1 | 946 2575
5 2 2

122 | 11.3 | 111 12.2 | 12.7
35 14.2 5 4 5 12 | 147 | 147 5 4 3460
4.4 128 154 12'2 14 158'1 185 | 185 | 154 | 16 4350

185 | 171 222 | 222 | 185
53 215 5 . 169 | 183 6 5 5 19.3 5240

6.4. Solar enerqy balance

Table 5 displays the results of solar energy balance for solar water heater with area 3, 3.5 and
4 m? to heat 200 liter water and figures 5, 6 and 7 shows these results respectively. This
research depend on the group that contain (6-8) persons because of most of Iragi families
consist of this number of persons, therefore the calculations concentrate on this group of
families. The resultsindicate that the collected energy by 3m? heat pipe evacuated tube solar
collector is more than the required energy in September, October, March, April and May.
Whileit islessthan in November, December, January and February which lead to shortage at
these months. In the 3.5m? collector there is shortage only at January and December , but
there is no shortage when the area of solar collector is 4m?.
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Table(5): Solar energy balance for solar heater areawith efficiency 70% and 200 liter water

Area of Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May
collector
S
Req.Eg. 86 | 95 | 111 | 125 | 130 | 1276 | 11.83 | 10.44 | 9.0
KWh
Eg.Coll.b | 1218 | 105 | 9.7 96 |1035| 126 | 126 | 105 | 11
3.0m? y
SE. KWh
Saving 142 | 111 | 87% | 77% | 80% | 99% | 106 | 101 | 122
Eg. % % % % % %
Req.Eg. 86 | 95 | 111 | 125 | 130 | 1276 | 11.83 | 10.44 | 9.0
KWh
Eg.Coll.b | 142 | 1225|1134 | 11.15| 12 | 147 | 147 | 1225 12.74
3.5m? y
SE. KWh
Saving 165 | 129 | 102 | 89% | 92% | 115 | 124 | 117 | 142
Eg. % % % % % % % %
Req.Eg. 86 | 95 | 111 | 125 | 130 | 1276 | 11.83 | 10.44 | 9.0
KWh
Eg.Coll.b | 16.24 | 14 13 |1275| 138 | 168 | 168 | 14 | 146
4.0m? y
SE. KWh
Saving 189 | 147 | 117 | 102 | 106 | 132 | 142 | 134 | 162
Eg. % % % % % % % % % %

Solar Energy Balance, 200L, 3m?
14
N Coll. Energyr from Solar

Requtreci Energy
12 4 I 1
0 | - y | - _— £ . 4 | - L S —
SEP. OCT. NOV. DEC JAN FEB MAR

MAY. Months

KWh
IS o 0 1)

]

Figure(5): Solar energy balance for solar heater with area 3.5 m?
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Solar Energy Balance .200L, 3.5m°
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Figure(6): Solar energy balance for solar heater with area 3.5 m?

Solar Energy Balance,200L,4m?

18 ™ Coll. Energy from Solar

Required Energy

16

14 |
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Figure(7): Solar energy balance for solar heater with area4 m?
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6.5. Electrical Energy Saving

The conversion efficiency of electrical energy to thermal energy is 100% and the cost
of electrical energy production by classical methods (use of fossil fuels) is about 10
cent/kWh, therefore:
+ Cost Saving = Displaced energy x cost per Unit.
% Electricity = 3500 kWh/year x 0.1$/kWh = 350% per year.
% 3.5m? cost approx. 750$ installed.
% Annua Saving: 350%/year.
«» Payback: 2.2 Years.

7. Conclusions

1. Insert 3000000 solar water heater for three million consumers in the electrical system
distribution in the residential sector and 1000000 consumer in the government sector
lead to save the consumption of electrical energy load about 2000 MW.

2. Saving of 1.2 hillion dollars each year by work these solar systems, when the cost of
electrical energy production is about 0.1$/kWh.

3. Insert 300000 solar water heater for three hundred thousand consumers in the
electrical system distribution in the residential sector and the government sector lead
to save the consumption of electrical energy load about 120 MW.

4. It may bereturn the cost of all solar heaters at the period of about 26 months.
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Thermal Design and Analysis of Printed Circuit Board for
Optimum Perfor mance

Emad Q. Hussein’, Kareem K. Jasim ™, Sabah A. Gitaffa™

» " Mechanical Engineering Department, University of Kerbala
Energy and Renewable Energies Technology, Univer sity of Technology
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Abstract
This paper deals with the thermal Analysis and design of printed circuit board PCB, to
calculate the thermal effects generated by components on the board. In this paper we
graphically evaluate the temperature distribution on a proposed PCB, at steady state thermal
condition. The analysis done with the parameters set to appropriate real values. This paper
covers common causes of thermal problems on a PCB and how to address those problems
quickly and effectively using the PCB thermal analysis capabilities and Optimize PCB
thermal design by doing thermal analysis and simulation early in proposed your design. In
the present work, computational procedures together with a computer program are established
to calculate the results of the computations include:
Increasing of Nusselt number at different locations from board edge with increased air
velocity.
Decreasing the value of convection heat transfer coefficient at start of edge board.
Therma resistance of convection is decreased with increasing of convection heat
transfer coefficient.
Temperature of component is proportional with air velocity increased because of increasing
heat transfer coefficient.

Keywords
Thermal design of PCB, Heat transfer, Thermal analysis, Nusselt number
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List of symbols
A, Exposed surface area of the component

A, Effective areaof the component
Flow area over the PCB |less component obstructions

o

Component length (streamwise)
Cp Specific heat of air
d Component width
Height that the component protrudes from the PCB
F  Flow rate of theair
Hp Height of the flow channel above the PCB
h Heat transfer coefficient
k, Thermal conductivity of the board without copper
k, Thermal conductivity of air
k. Thermal conductivity of the copper
k; Thermal conductivity of the leads

L Length of theleads.

M  Number of components perpendicular to the flow direction
N Number of componentsin the flow direction

n  Number of leads per component

q Heat load on the component

Q. Tota heat dissipated upstream of the component

rho Density of the fluid

R Thermal resistance of the component to air

R; Interface resistance between the component and the PCB
7. Resistance acrossthe air gap del

r; Lead resistance between the case and the PCB

T; Local air temperature

T, Ambient air temperature

u Veocity of air

PCB Printed circuit board

1. Introduction

Printed circuit board (PCB) is a board made from an insulating, non-conductive
material that has conductive metal tracks (electronic interconnects) called races as shown in
Fig. (1). Integrated circuits and components are soldered to the board, and the metal traces
between terminals connect the various devices and components [1].
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Fig. (1) Printed circuit board with metal tracks

Conjugate conduction — convection heat transfer is becoming a very active field due to
variety of its industrial applications, such as the cooling of electronic equipment. In the
electronics industry, engineers are looking for the best ways to cool their electronic packages,
which may be as small as a printed board assembly or as big as a' rack” , which is a system
composed of many printed board assemblies . However, efficient cooling cannot be achieved
without understanding the heat transfer from each specific package and determining the flow
and thermal fields [2]. However, today’s more complex and smaller device dimensions along
with closer packing result in higher heat density and elevated operating temperatures. Higher
operating temperatures decrease the service life of the device or module. Any temperature
sensitive materials used in a module can degrade and wear out more quickly. Other failure
mechanisms, such as metal migration, can occur, particularly when both high temperature
and humidity conditions are present. Here, metal whiskers or dendrites can grow from the
conducting lines. With lines being spaced closer together in today’s devices, shorts between
lines can occur and cause device failure. Additionaly, when temperatures fluctuate, device
interconnections and other components can fatigue from expansion and contractions due to
therma stress and eventualy fail [3]. Higher temperatures also increase the electrica
resistance of the conducting lines within a device or module, slowing the signal speed and
reducing performance. As devices become more complex, conducting paths become longer
and this performance reduction is more significant. For all of the above reasons, it’s critical to
minimize temperature of the electronics by designing efficient ways of carrying away their
generated heat [4,5]. The more significant factors effect on cooling of printed circuit board
are; heat source distribution from PCB ,thermal conductivity of the PCB plate, size of the
PCB, and radiation heat transfer between two surfaces is proportional to the fourth power of
temperature [6,7].

2. Thermal Simulation Tools

The basic kinds of thermal modeling and analysis tools include the following; general
purpose tools for analyzing any kind of structure, computational fluid dynamics (CFD) tools
for system flow/heat transfer analysis, and PCB application specific tools for detailed PCB
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and component modeling [8]. Some components on a PCB will generate little heat, others a
great deal; a CPU in a PC can generate up to 100W! In addition to any internally generated
heat, the temperature experienced by any part of a PCB will be affected by

heat generated by other components on the board

heat generated by neighbouring equipment

absorption of sunlight by the equipment casing

heat associated with the surroundings.

If this heat is not removed, devices will become hotter, and their behavior
may change significantly, so that the circuit no longer behaves in the way it was designed
to, and may even fail. Also, whilst high temperatures themselves can be damaging,
repeated operational variations cause thermally-induced mechanical stresses which can be
even more harmful. Such‘thermal cycling’ may be quite severe, even in everyday
applications. For example, circuitry housed near the engine of a car experiences both the
high temperatures developed by the engine when the car is being driven, and rapid cooling
when the engine is switched off. But repetitive thermal cycling occurs in all  electronic
devices to some extent; even a desktop PC is stressed every time it is switched on for a
period and then turned [9].

3. Theoretical Modd

This study calculates the average heat transfer dissipation pressure drops and cooling
efficiency for PC Board in free stream flow, with isothermal ( constant temperature )
components,here the heat is evenly distributed throughout the component. The power levels
of all components are assumed equal. The component temperature calculated is the mean case
temperature. For purposes of reliability assessment, the junction temperature is of greater
interest. This is largely controlled by the components internal structure,the manufacturer's
internal resistance values can be used for further thermal analysis under most circumstances.

N=1

2 3
e | I f. =
w =
q . .:E
TR - a -

Fig.(2) Physical domain for PCB
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For this analysis, the conductance should be less than 0.03 W/°C [5]. In this model each
component and the surrounding PCB area is treated in isolation, the PCB area being the
rectangle formed cutting midway between components. It is then assumed that, the heat is
dissipated by this isolated component and area of PCB is equal to the component power. The
heat path is by convection from the exposed surfaces and conduction through the leads and

stand-off gap into the PCB [7].The component temperature T, can be written as,

T. =Ty+q*R (D

And theloca air temperature T, can be evaluated from,

T =T+ WQ(;*C; (2)
Thetotal heat dissipated upstream from the component is calculated as:

Q=q*M=(N—1) (3)
Theflow rate of air, F over the PCB can be evaluated from,

F=ux(Np,*a) 4)
Where, a is the flow area over the PCB, isgiven by

a=W,*xHp—(M=x*S§x*e) (5
The thermal resistance of the component to air can be written as

R:l/(h*A1+———1—1——) (6)

Ri+757)

Where, A, is the exposed surface area, isgiven by

A, =Sxbx2e(S+D) (7)
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The area between the component and PCB is not included in this area because the generally
small distance between component and PCB inhibits convection. The leads generally inhibit
convection from the sides of the chip, therefore the stand-off gap is included in the effective

depth package. The thermal interface resistance R; can be calculated as[8,9],

R; = (8)

)+

Where;

. =del/(ky* S *b)
n=L/(k *nx*A)

Where, del refersto the air gap between the component and the PCB, the rectangles d * w of
the PCB are not isothermal and ,therefore the effective area of the component A, is caicuiated

a5,
A, =2(d' *w') —S*b 9)
Where:
d =E,*d+b(1-E,)
w =E *w+S(1-E;)

Where; E; and E, are the two PCB fin efficiencies in the lateral and stream wise directions

respectively. These are calculated as follows,

. tﬂ.nhMl

= (10)
_ tanhM, 1
y=g (1)

Where;
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My = (2) » @h/cy0®

M, = (d ; b) i (Zh/cz)o's

Where; C; and C, are the conductance's of the PC Board in the latera and stream wise
directions respectively, both conductance's are calculated the same way. The conductance of
the PC Board is given by,

Ci =kp * t+ k. * phiy (12)

C, = kp * t+ k. * phi, (13)

Where, phi, and phi, are the ratios of the volume of copper on the PC Board in the
direction of interest per unit plan area of PCB (lateral and stream wise),depending on flow
velocity u.The heat transfer coefficient,h is be evaluated by using Will's Correlation[9],

when the flow velocity is between 0.2 and 8.0 m/s;

b i (rho = u)°?8 (g ~

h = 5'35 (N * d)0'36

1) (14)

Where; G is equal to 6.2 when no card guides are used at the PCB leading edges, and 7.6

when chard guides are not used.

4. Simulation and Results

The program for analysis is devel oped to obtain numerical solution of the thermal analysis of
PCB. The following data are considered numerical values for the model parameters are taken
from [10], and tabulated in Tables (1, 2, and 3).
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Table 1. PC Board properties

Description Symbol Value Units
Width of PCB (lateral to flow) v—f—‘— 0.250 m
Height of flow channel above PCB w: 0.017 m
Conductivity of the board (no copper) i: 0.294 Wim.°C
Thickness of the board 7| 00016 m
Volume of copper per areaof PCB (lateral to flow) _h_ 0.00000722 | m/m’
Volume of copper per areaof PCB (parallel to flow) _:__41;.;-:_ 0.00000444 | mm’
Conductivity of the PCB copper ;_: 360 W/m.°C
Table 2. Component properties
description Symbol Value Units
Number of components (parallel to flow) N 10 None
Length (parallel to flow) b 0.030 m
Pitch (pardlel to flow) d 0.033 m
Number of components (lateral to flow) M 8 None
Width (lateral to flow) S 0.015 m
Height (protruding into flow) e 0.004 m
Heat Load per component q 0.5 W
Air gap between PCB and component del 0.000257 m
Number of leads per component 16 None
Length of leads 0.001 m
Cross-sectional area of one lead ~Z | 0.00000025 m°
Thermal conductivity of leads 7 2870 | Wim°C
Table 3. Air flow properties

Description Symbol Value Units
Ambient temperature (at entrance) ot 25 °C
Average flow velocity in free flow area between boards _ 0.5~25 m/s
Thermal conductivity of air —‘_— 0.028 W/m.°C
pecific heat of air :_ 1006 Jkg°C
Air density rho 12 kg/m’

157




NATIONAL RENEWABLE ENERGIES CONFERENCE AND THEIR APPLICATIONS 2013
Ministry of Higher Education and Scientific Research -University of Technology
Energy and Renewable Energies Technology Center
2013 Lgilipkiiy Baaaiall cilBall i gl) yaiigall
Don ol gl daalad) - alad) Cuagdl g Madl aslasl) 3 ) 39
Sasadiall culiuall g d8Ual) Lia ol 5S35 38 5a

The analysis done with the parameter set to appropriate real values. The following results are
obtained:
1. The behavior of the Nusselt number with distance from board edge at different values of

velocity of air isshown in Fig. (3). Thisfigure shows that, the Nusselt number proportional
with distance from board edge, due to increase velocity of air.

2. Fig.(4) shows the relation between the convection heat transfer coefficient with distance
from board edge at varying velocity of air. It shows that, the heat transfer coefficient
decreases with distance from the edge of the board until to reach approximate constant value.

3. The behavior of overall thermal resistance at different location from board edge as shown
in Fig. (5).The graph shows that the overall thermal resistance proportional with decreases
heat transfer coefficient at the same location on the board.

4. The variation of the component temperature at different locations from board edge at
velocity of air is shown in Fig. (6).This figure shows that, the temperature of component
inversely  proportional with air velocity increases, due to increase heat transfer coefficient.

5. Conclusion
In the present work, a computational procedure together with a computer program are
established, the following are the main conclusions obtained from the present research;
The Nusselt number will increase when locations becomes far from board edge, also
with increase air velocity.
Approaching boundary (edge board), the value of convection heat transfer coefficient
would decrease.
The overall thermal resistance is proportional with increasing heat transfer coefficient at
different value of velocity of air.
The temperature of component is inversely proportional with air velocity increase, due to
increase convection heat transfer coefficient.
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Optimum Tilted Angle Of Photovoltaic Cell located in northern
Iraq Citiesto get maximum generated electric power

Ali Khalid Shaker Al-Sayyab and Maher Kadhim Taher

Refrigeration and Air Conditioning Department, Basra Technical College, Foundation
of Technical Education

ABSTRACT:

Photovoltaic cell need to be inclined at the optimum angle to maximize the receiving solar
energy then maximize the out but electric power . In this study, the collector surface is
assumed to be facing toward south, solar global radiation on a tilted surface was estimated
using a mathematical model which programed in engineering equation solver EES program to
find an optimum tilted angle depending on the maximum solar radiation.

In this work find an optimum tilted angle of photovoltaic cell located in Arbil city
(latitude 36° 157), Sulaymaniyah city (35° 35”), Dahuk (36° 50” )and Kirkuk (35°
30”)which are taken as northern Iraq cities only, the tilted angle varied with range from 0° to
90°. The results show the optimum tilted angle of of Arbil city is 34° ,Dahuk city is 34° ,for
Sulaymaniyah city is 33 and for Kirkuk city is 33°. And these cities are nearly in optimum
tilted angle due to nearly in latitude.
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1- Introduction:-

The quest for clean, sustainable sources of energy is becoming more popular with the
concerns over global warming. Scientific communities have determined that carbon dioxide
emissions from the use of fossil fuels, contribute to the greenhouse effect. In Iraq the most
electric power is generated by using thermal power plant that use fossil fuel to generate steam
which required for its permanency to generate electric power, since more carbon dioxide
emissions from burning fossil fuel. For there more the electric power that generated by these
plant is not sufficient for population requirements. There for must be found an aternative
electric source friendly to the climate have no greenhouse effect, Over the past decade,
increasing awareness of climate change hazards and energy security considerations has
forced the global community to focus on renewabl e energy sources.

Solar energy is a clean, virtually inexhaustible source of heat and energy unlimited and
harnessing for heat and electricity produces no ar or water pollution. The use of solar
energy technologies can only help our environment by decreasing CO, emissions and
reducing drain-off pollution from fossil fuel power plants.

Solar technology applications function efficiently at ambient temperatures and pressures,
create no noise, limit pollution through available disposal and recycling programs for dead
battery systems and solar panels, and can be installed in a modular manner. Besides these
advantages Furthermore, quality and longevity of photovoltaic devices and systems, and
profitable lifecycle features of whole photovoltaic systems. Photovoltaic cells are the one of
common type of the form of solar energy using, which convert solar radiation into electricity.
The performance of the Photovoltaic cells is highly dependent on its orientation, cell tilted
angle, optica and geometric properties, macro and microclimatic conditions, geographical
position, and the period of use (Ashok Kumar,2011).

And to maximize the power generated by this plant many steady where adopted to obtained
the optimum tilted angle and orientation ,which show that The optimum tilt angle depends
on latitude (A), solar declination or days of the year (Koray.2006). Kamal Skeiker show the
changing of the tilt angle of PV cell located in Syria by 12 times in a year achieves a solar
radiation of approximately 30% more than the case of a solar collector fixed on a horizontal
surface, Can Ertekin(2008) study the effect of collector location and tilted angle for many
place in turkey showed that tilt angles are high during the autumn (September to November)
and winter (December to February) and low tilt angles during the summer (March to August)

. Hamid Moghadam and et.al(2011) find the optimum tilt angle for two different Iranian
cities, Zahedan city (Lat.=29.49) and Bandar Abbass city (Lat.=27.18),The results, in the
same time step, show that the increase of latitude led to the increase of the optimum tilt angle.
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2- MATHEMATICAL METHOD FOR THE OPTIMUM TILTED ANGLE

Thetotal daily irradiation on a horizontal plane is the combination of two components, the
direct irradiation and the diffuse irradiation from the sky (Ashok Kumar,2011)

In this study the Bernard-Menguy-Schwartz model is used to find the optimum tilt angle ()

of photovoltaic cell solar collector in northern lIraq cities because it’s more simple correlation
than other authors and predicted to northern hemisphere more accurate (Romdhane.2009)(Al

Sayyab Et.a .2012)

In Bernard-Menguy-Schwartz model the direct radiation under three conditions of sky:

Clear SKy:
Erpereas)
!D = 1230e\38sin(hs+1r6)/ (l)
Wery Clear Sky:
(——1)
Ip = 1210e\ssinths+1)/ (@)
Polluted Sky:
(zemm)
Ip = 1260e\23sin(hs+3)/ 3

The diffused radiation for any sky conditions:-

Dy = 125(sin(hy))%* (4)

The total radiation received by the horizontal plane:-

GH - DH + ID Sin(hs) ...... (5)

Diffuse and total radiations receipts by the inclined collector plane:
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D, = 1*‘"‘25(’3) Dy + 1""“:(’3) Gy...... (6)
G; = Ip.cos(8) + D; (7)

Where the factor « is the coefficient of reflexion of the ground located in front of the

collector (usually taken equal to 0.2).and the angle 6 formed between the normal of the
collector and the solar rays at solar midday define by:

0 =90—-(B+hg)..... (8)
hy =90—¢@ +6...... ©)]
Duration of the day:
AD =%arccosh(—?‘an((p).tan(é)) (10)
[ . o (284 4N)
§ = 23.45 sin (360 T) (11)
Received energy:
E=2XG;xAD (12)
Sun L5 Normal to surface
0,
A
West S - East

South

Fig (1) Common Anglesin solar application [Hamdy et al,2006]
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3- RESULTSAND DISCUSSION:-

3. 1- Monthly Optimum Tilted Angle:-
A) Effect of Declination angle on optimum monthly tilted angle: -

Monthly tilt angle is afixed value for the solar collectorsin each month. the effect of tilted
angle variation on the photovoltaic cell performance located in Arbil city is shownin Fig (2),
(3), and (4), from thisfigures, as the tilted angel of photovoltaic cell increased the collected
solar energy flux will increased gradually, due to increase the amount of the normal solar
radiation that incident to the cell surface, until the flux reach to a maximum value ,after this
value of tilted angle the collected solar energy flux will decreased as tilted angle increased
,there for this angle will be obtained as the optimum tilted angle for this month. Also these
figure show that the optimum tilted angle of each months will different from each other due
to the earth declination angle varies with number of day variation over the year ,Fig (5) ,so
declination angle have main effect on azimuth angle of sun ray.
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Tilted Angle (b)
Fig (2) Effect of PV Cell Tilted Angle Variation on Collected Solar Flux located at
Arbil city months of (January, February, March and April)
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Fig (3) Effect of PV Cell Tilted Angle Variation on Collected Solar Flux located at
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Fig (5) Declination angle variation with number of day
B) Effect of Declination angle on solar energy flux:-

When sun beam passes through atmosphere layer some of the sun’s direct radiation is
scattered by nitrogen, oxygen, and other molecules, and by aerosols, water droplets, dust, and
other particles with diameters comparable to the wavelengths (Gates 1966). As the
declination angle increased this will decreased the path of the sun ray and this will decreased
the solar beam absorbing and scattering and increased the flux of solar energy that reaches to
earth surface, so as mentioned in Fig. (5) the declination angle reaches maximum value at Jun
and this make this month have maximum solar flux as shown in fig (5) and Fig. (6).
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Fig (6) Effect of Declination angle Variation on Collected Solar Flux by PV cell located at Arbil
City with optimum tilted angle
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figures (7) , fig(10) and fig (13) show the effect of latitude on optimum tilted angle for cell
located in different cities, Dahuk ,Sulaymaniyah and Kirkuk respectively , these figures
show that these cities have different monthly optimum tilted angle for the same months due
to the different in latitude of these cities Table (1).
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Fig (7) Effect of PV Céll Tilted Angle Variation on Collected Solar Flux located at
Dahuk city months of (January, February, March and April)
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Fig (8) Effect of PV Cell Tilted Angle Variation on Collected Solar Flux located at
Dahuk city months of (May, June, July and August)
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Fig (9) Effect of PV Cell Tilted Angle Variation on Collected Solar Flux located at Dahuk city
months of (September, October, November and December)
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Fig (10) Effect of PV Cell Tilted Angle Variation on Collected Solar Flux located at

Sulaymaniyah city months of (January, February, March and April)
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Fig (11) Effect of PV Cell Tilted Angle Variation on Collected Solar Flux located at

Sulaymaniyah city months of (May, June, July and August)
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Fig (12) Effect of PV Cell Tilted Angle Variation on Collected Solar Flux located at
Sulaymaniyah city months of (September, October, November and December)
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Fig (13) Effect of PV Cell Tilted Angle Variation on Collected Solar Flux located at Kirkuk
city months of (January, February, March and April)

172




NATIONAL RENEWABLE ENERGIES CONFERENCE AND THEIR APPLICATIONS 2013
Ministry of Higher Education and Scientific Research -University of Technology
Energy and Renewable Energies Technology Center

2013 Wiliukiy 3asakal) ciliUall i gll jaigall
Don ol gkl daalal) palal) Giadl g Alad) adail) 30 5 9
aadal) cilUall g A8Ual) L ol 93S3 S 0

10,000

EEEEEEEEEER NNy
puaus rdrdrarersred bl o N
ey AaaaR LI
.....--

9,000/(***

8,000

~N
o
o
o

Watt h/m?/day
r
S

o
o
o
o

4,000

3,000
0

10 20 30 40 50 60 70
Tilted Angle (b)

80 90

Fig (14) Effect of PV Cell Tilted Angle Variation on Collected Solar Flux located at
Kirkuk city months of (May, June, July and August)
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Fig (15) Effect of PV Cell Tilted Angle Variation on Collected Solar Flux located at Kirkuk
city months of (September, October, November and December)
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3.2 Yearly Optimum Tilted Angle:-

To find the yearly optimum tilted angle, the photovoltaic cell tilted angle will varied over
range from 0° to 90°, the variation of tilted angle will be adopted over the days of the year,
and an average vaue of collected solar energy will take as method to find the collected
energy by any tilted angle. From Figures (16, 17, 18 and 20) shows that there is one angle
give maximum solar flux per day over the year and this angle can be taken as yearly optimum
tilted angle, so that these figures show the different latitude give different yearly optimum
tilted angle aso this angles are not equal to latitude of these cities and .this refutes the clam
of many study that take optimum tilted angle equal to latitude.
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Fig (16) Optimum Yearly Tilted Angle of PV Cell located at Arbil city
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Fig (17) Optimum Yearly Tilte%ﬁ\ngle of PV Céll located at Dahuk city
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Fig (18) Yearly Optimum Tilted Angle of PV Cdll located at Kirkuk city
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Fig (19) Yearly Optimum Tilted Angle of PV Cell located at Sulaymaniyah city
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Table (1) Effect of City Latitude on Optimum Monthly Tilted Angle

Optimum Monthly Tilted Angle

Abil 3 8 4 B B B BB & M & B
Dahuk M oM 4 B 19 M4 16 23 BN 6 ¥ I
Suavmamvah M 0N ¥ ¥V I I8 1 OB £ M W
Kirkuk o8 ¥V B BB M 2 N & B N

4) Conclusion:-
From this study concludethat:-

1) The optimum tilted angle of photovoltaic cell dose not equal to the latitude of the city
which the cell located in it.

2) Theoptimum monthly tilted angle will different from month to other due to the
declination angle variation over the month of the year

3) Inlrag June represent the period of the maximum solar flux over the year.

4) The yearly optimum tilted angle of Arbil city is 34° ,Dahuk city is 34° ,for
Sulaymaniyah city is 33 and for Kirkuk city is33°. And these cities are nearly in
optimum tilted angle due to nearly in latitude (Arbil =36° 15 ,Dahuk =36° 50~
,Sulaymaniyah =35° 35” and Kirkuk =35° 30”)
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Abstract

An enhancement of single slope solar still by using (Paraffin wax) as a phase change material
(PCM) was experimentally studied. Single-basin solar still can be used for water desalination.
Probably, they are considered the best solution for water production in remote, arid to semi-
arid, small communities, where fresh water is unavailable. However, the amount of distilled
water produced per unit area is somewhat low which makes the single-basin solar till
unacceptable in some instances. The purpose of this work is to study the effect of using a
PCM as capsulesin asolar till as athermal storage media, and thus enhance the productivity
of water. Experimental results show that the productivity of distilled water was enhanced
with use PCM. The daily water productivity is increased by 34%. Also the best efficiency of
78.6 % occurred when using PCM compared with efficiency of 60 % when only water used
in still. Thereforeit is concluded that the productivity of water still per unit area increased.

Keywords: Single basin type, Solar still, Desalination, PCM capsules, thermal energy storage.
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Nomenclature

A, Still basin area (m?).

hrgw Latent heat of vaporization of water (kJ/kg).
| (t) Solar radiation intensity (W/m?).

My Didtillated water (kg/s).

PCM Phase Change M aterials.

Ta Ambient temperature (°C).

Tb Back temperature (°C).
Tg Glass temperature (°C).
Ts Steam temperature (°C).
Tw Water temperature (°C).
n Efficiency (%).

1. Introduction

Solar energy is an important aternative energy source that likely will be more utilized in the
future. One main factor which limits the application of solar energy isthat it is acyclic time-
dependent energy resource. Therefore, solar systems require energy storage to provide energy
during the night and overcast periods [1]. Distillation is one of many processes that can be
used for water purification. The energy required to evaporate water is the latent heat of
vaporization of water. This has a value of 2260 kJ/kg. This means that to produce 1 liter (i.e.
1kg since the density of water is 1kg/litre) of pure water by distilling brackish water requires
a heat input of 2260 kJ. Many others work for development and enhancement water still as,
Radhwan A. M. [2] studied the transient performance of a stepped solar still with built-in
latent heat thermal energy storage. The basin was placed on a dab filled with a layer of
paraffin wax (phase change material, PCM) that acts as a latent heat thermal energy storage
system (LHTESS). The still performance parameters investigated were analyzed, and the
results compared with the case of a still without the LHTESS. The results showed that the
still with LHTESS has an efficiency of 57%, and the total daily yield is about 4.6 L/m?. This
finding is important since heat could be provided to the greenhouses at night and when it is
most needed. EI-Sebaii A. A, et a. [3] studied the transient mathematical models for asingle
slope-single basin solar still with and without phase change material (PCM) under the basin
liner of the still. Numerical calculations have been carried out, using stearic acid as a PCM,
when the still is used without the PCM. The PCM is more effective for lower masses of basin
water on winter season. Akash B. A. et al. [4] studied the effect of using different absorbing
materials in a single-basin solar ill, and thus enhancing the productivity of water.
Experimental result shows that the productivity of distilled water was enhanced for some
materials. Black dye was the best absorbing material used in terms of water productivity. It
resulted in an enhancement of about 60 %. Badran O.O. [5]. Performance of a single slope
solar still using different operational parameters was studied experimentally. For this study
the still productivity increased up to 51% when combined enhancers such as asphalt basin
liner and sprinkler have been applied to the still. The study also showed that the daily
production of still can be increased by reducing the depth of the water in the basin. Gowtham
M. et al. [6] work to improve the productivity of solar still by concentrating solar thermal
energy through a parabolic trough concentrator. These studies improved the evaporation rate
of the system. This is done through increasing the energy storage capacity through paraffin
wax as latent heat storage material. Productivity improved by 54%. Medugu D. W. and
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Ndatuwong L. G. [7] developed theoretical analysis of the heat and mass transfer
mechanisms inside this solar still. The measured performance was then compared with results
obtained by theoretical analysis. The results clearly show that the instantaneous efficiency
increases with the increase of solar radiation and with the increase of feed water temperature.
The digtillation efficiency of the still is 99.64% as compared to the theoretical analysis. Naim
M. M. and Abd El Kawi M. A. [8]. Constructed a novel continuous single-stage solar till
that makes use of a phase change energy storage mixture (PCESM) for promoting energy
usage has been devised and constructed. Results indicated that the use of an energy storage
material led to alarger productivity of distilled water and that the larger the concentration of
the saline water the lower the productivity of the still. Ighodalo O. A., Ebhodaghe F. A. [9]
studied the performance evaluation of a solar still for salty water desalination. The still was
tested using two different materials, aluminum painted black and black leather as the
absorber. They are concluded the daily temperature and type of absorber materials are factors
that can influence the distillate yield. The low cost of production is as aresult of the materials
employed in the fabrication. Murugave K. K. et al. [10] Modeling and Verification of Double
Slope Single Basin Solar Still Using Laboratory and Actual Solar Conditions. It is found that
the production rate increases with the increases of water and glass temperature. But at higher
operation temperature, the production rate increases with the decrease in temperature
difference between water and glass. Khalifa A. N. and Hamood A. M. [11] studied on the
verification of the effect of water depth on the performance of basin type solar. A good
number of the investigations on the effect of brine depth are cited in this study. An
experimental study was subsequently conducted to verify this trend by an experimental
investigation on a solar still that was constructed and tested with five different brine depths,
namely 1, 4, 6, 8 and 10 cm. This study validated the decreasing trend in productivity with
the increase of brine depth and showed that the still productivity could be influenced by the
brine depth by up to 48%.

2. Experimental set up

The experimenta setup shown in Figs. 1, 2 and 3 is one of the simplest types of solar stills.
Two stills were used in this work, one used with water only, and the other still used with the
copper pipes filled by paraffin wax and immersed in water, the stills have an effective area of
0.6 m% It has a top cover of transparent glass, and the interior surface of its basin is
blackened to enable absorption of solar energy. The stills frames are insulated from the outer
surface by insulating material. The identical fixed solar stills are faced due south. The
temperatures of the glass cover, the water and vapuor inside the stills and bottom of stills
plate from the system are measured by thermocouples of the same type. Radiation shields are
used with the thermocouples wherever necessary. All thermocouples are connected to a
digital electronic thermometer is used. The water level was 3 cm in the stills. Different parts
of the stillswill be explained in the following:

2.1. Basin liner

This is the major part of the solar still has a base dimensions 100 cm long and 60 cm width
fig.3; It’s made of galvanized steel, the glass cover is tilted at an angle of 15" and the still is
oriented due south. Four copper-constantan thermocouples are embedded at different points
in the still to measure the temperature.
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2.2 PCM capsules

In this work twenty PCM capsules are used, these capsules are made from copper pipes have
95 cm long and 12.5 mm inside diameter and filled with a paraffin wax, two ends are closed
by copper welding, the total length of pipes was 19 meters. These capsules are painted by
blackened color to increase the absorbent of solar radiation fig. 2.

2.3 Par affin wax

The paraffin wax used has the following properties; Typical melting point about 35 °C and
having a density of around 0.9 g/cm® and penetration a 25 °C is equal to 34, oil content
(max) is1.5 7 , color (SAYBOLT) solidification point is 30 °C, latent heat was (2.244 kJ/Kkg.
K) Conductivity is 0.27 W/m°C, specific heat is 2890J/kg "C and it isinsoluble in water, but
solublein ether, benzene, and certain esters.

2.4. Insulating material
The sides and bottom of the system are insulated with 50-mm-thick rigid Styrofoam
insulation board that have a density of 40 kg/m?3 and 0.045 W/m? °C thermal conductivity.

2.5. Measuring instruments

Various types of instruments were used such as:

(1) Pyranometer (The daystar meter): To measure the total radiation in W/m?.

(2) Glass beaker: To collect and measure the distillate water.

(3) Temperature thermometer type (TM-925) to measure temperature at various points in the
still by thermocouples (type-K). The accuracy of this device is in the range of 0.1°C for the
temperature measurements between -50.0to 1300.0 °C * (0.4% + 0.8°C)

(4) Air speed meter.

3. Result and discussions.

The experiments results are presented in the form of graphs, to show the effect of using PCM
in solar still output and to highlight the effect of using PCM on the glass temperature, basin
water temperature and the distillation accumulation. All the experiments were taken in
different days during the April, May and July 2012 in clear sky weather conditions. The
speed of the air outside the stillswas 3.5 m/s.

Fig. 4 shows the solar intensity versus time of the day. The intensity of solar radiation
reaching the earth surface varies from zero during the night to about 900 W/m, on a clear
noon. Hence, the radiation intensity depends on the hour of the day.

Fig. 5 shows the variation of different variables of solar till in case using water in still, it can
be seen that the temperature of the steam is the maximum followed by the temperature of
water that has been heated by the basin in a convection process due to incident rays, then the
temperature of the inner glass where the condensation occur, then the outer glass that transmit
the incident rays, and it isin contact with the surrounding, and the minimum temperature will
be the ambient temperature. While fig. 6 summarizes Different variables were measured
hourly as (glass, ambient, water, back plate and steam) temperatures. It is seen that these
temperatures increases with time due to the increased rate of heat transfer by conduction from
the water to the PCM as the solar radiation intensity increases. The PCM started to melt after
four hours from the beginning of still exposure to solar radiation, afterwards, the PCM
remains nearly constant until it melts completely; then, it decreases slowly with time after
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sunset when the discharging process of the heat stored within the PCM begins. However, the
temperatures of the water and the other elements of the still decrease faster with time due to
the decreased ambient temperature. This is caused a significant difference between water
temperature and temperature of PCM during the night period, therefore this difference make
the water continues to evaporate until these temperatures are equals. For this reason the
productivity of still with use PCM increased. Fig. 7 shows the hourly variation of
productivity (kg/m? h) for 24 hour. It shows that the highest production was at 15 pm when
water in one still and highest production was at 16 pm water with PCM in other still is used.
The latent energy stored in the PCM keeps the system operational during the night to deliver
distillate output. However, the decreasing trend of al above temperatures show that the
guantity of distillate output is reduced due to little difference in the temperature of glass
cover and ambience that continues until next day morning. Further, the productivity for given
mass of water in the basin of the still with PCM has been plotted for daytime and night hours
to understand the operational characteristics of the system. The PCM enhances the
productivity of the system by 34 % due to PCM being as heat as source under discharge
mode during night. Fig.8 presents the variation of daily accumulative productivity in two
stills. A better productivity it appears for still with PCM, and this is because during night the
PCM acts as the heat source for basin water, this gives to heatens to higher temperature
difference between water and glass due to lower ambient temperature. The amount of heat
transferred from the PCM to the water increases the productivity which is found to increase
from 2.07 (kg/m? on day) in still without PCM, to 2.78 (kg/m? day) in still with PCM. Fig.9
presents the variation of daily efficiency for tow stills which is calculated form formula;
M* 100

L (t)* A,
A better efficiency of 60 % has taken place at 15:00 h, for water in still, water temperature
was (58 °C) and a quantity of distillate water of about (0.29 kg/m® h) compared with
efficiency of 78.6 % has taken place at 16:00 h and water temperature is (60 °C) with a
quantity of distillate water of about (0.36 kg/m? h) in still with PCM.

h =

4. Conclusions

This study shows the potential of integration of phase change material with solar still system
for producing potable water throughout the day and night. The preliminary results show that
the system dramatically increases the productivity of 34 % with PCM as compared to
conventional solar tills. Further it was found that the highest productivity rate varied with
the least water depth in the basin of solar still system. Also it can be concluded that the better
efficiency 78.6 % was taken when using PCM compared with efficiency 60 % when only
water was in the still. 1t was noticed that the behavior of increase in the productivity with the
increase in the solar radiation and this result is in agreement with those reported by Radhwan
A. M. [2], EI-Sebaii A. A., et al. [3], Akash B. A. et d., [4] and Naim and Abd Elkawi [8].
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Fig. 1. Experiment water stills photo.

Fig. 2. Front photo for arrangement of PCM capsulesinside basin liner still.
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Fig. 3. Still drawing, (a) Section A-A, (b) Side View
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Fig. 4. The solar radiation intensity versustime of the day.

184



NATIONAL RENEWABLE ENERGIES CONFERENCE AND THEIR APPLICATIONS 2013
Ministry of Higher Education and Scientific Research -University of Technology
Energy and Renewable Energies Technology Center
2013 \giliukiy Basaiall Bl ik gl saigal)
Aa gl isal) daalal) -ealad) Cagll g Mad anladll 35159
Sasadal) culUal) g A8Uall L ol 3S3 3 e

70

—&— Ta & Tg

60 1 —@—Ts —m—Tb

—h—Tw
o
0
[5)
P
=
[
S
(6]
o
e
(5]
'—
10
0
6 7 8 9 10 11 12 13 14 15 16 17 18

Local Time ( hr.)

Fig. 5. Thehourly variation of water, glass, back plate, steam and ambient temperatures
when using water only.
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Fig. 6. Thehourly variation of water, glass, back plate, steam and ambient temperatures
when using wax in the copper pipes.
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Fig. 7. Variation of productivity for 24 hour for use (a) only water in the still, (b) wax in
the copper pipes.
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still, (b) wax in the copper pipes.
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USING PARAFFIN WAX ASA THERMAL STORAGE
MATERIAL INA SOLAR AIR HEATER
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Abstract

This paper deals with an experimenta investigation of a designed and fabricated air heater
consisting of two cases. The first case used concrete as the main part of the air heater. The
second case used paraffin wax as phase change material (PCM) accompanied with concrete
as the main part of the air heater. Tests were conducted in January and February, 2012 in
Baghdad - Iraq weathers.

Results show that the exit air temperature was increased highly for the second case
compared with the first case and the efficiency of system was improved and the maximum
storage efficiency achieved was 54.13% higher than the concrete case. The air heating gained
was in its maximum value at the second case and the maximum increment achieved was
54.97% at Feb.

Keywords. Phase change material, solar heating system, air temperature, discharge process.
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1. Introduction:

Increasing energy consu-mption, shrinking resou-rces and rising energy costs will
have significant impact on our standard of living for future generations. In this situation, the
development of alternative, cost effective sources of energy for residential housing has to be
apriority (Ahmed, 2011). Solar radiation, along with secondary solar resources such as wind
and wave power, hydroelectricity and biomass, accounts for most of the available renewable
energy on Earth. Only a minuscule fraction of the available solar energy is used. Solar energy
is the radiant light and heat from the Sun that has been harnessed by humans since ancient
times using arange of ever-evolving technologies (Chaichan, 2011).

Solar technologies are either passive solar or active solar depending on the way they
capture, convert and distribute sunlight (Bendea, 2009). Passive solar heating systems using
air as the circulating fluid can be used effectively for space heating, particularly in small
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gpaces such as field huts or refuges (Szymocha, 2005). Air heating collectors have been
occasionally used since World War 11, mostly for low temperature space heating applications.

Many air heaters were penetrated after 1973 oil crisis, as a part of considerable interest in
alternative energies. Stacuna-nathan, 1973 tested passing air between multiple glazing before
heat it, and it was found that collector efficiency gained about 10 to 15%.

Modern heaters designs have focus mainly on improving convective heat transfer at the
absorber. Mittal, 2006 investigated using wire mesh as a backing material, with air flowing
between the absorber and second glazing through the mesh, achieving collector efficiency
about 70%. Mohamad, 1997 found that a backing bed of porous mediaimproved heat transfer
as well as pre-worming the air by first running it between two glazing plates. This also helps
in improving collector efficiency by reducing the overall heat losses. Efficiency achieved was
about 75%. Ramadan et al, 2007 used double pass heating in addition to a limestone packing
above the absorber plate and passing air through it to improve efficiency.

Latent heat thermal energy storage systems, using phase change materials (PCM) to store
heat, have many applications. They are used in solar heating systems in houses and
greenhouses to store heat collected during high isolation periods and subsequently liberate
heat during the night or other periods, in air conditioning systems to shift peak heating and
cooling loads to of-peak hours (Zang, 2006); and in space stations to bridge the eclipse period
when no solar energy is available (Regin, 2009). In comparison with other thermal energy
storage systems, they potentialy have less weight and volume. They aso absorb and release
heat at a suitable predetermined temperature (Raj, 2011).

Many authors (Regin, 2008 & Bilir, 2005) confirmed that the thermal energy storage
systems using PCM's have been recognized as one of the most advanced energy technologies
to enhance the energy efficiency and sustainability of buildings. An interesting feature of
PCMs is that they can store latent energy as well as sensible energy. Their high latent heat
storage capacity combined with friendly energy systems employing endogenous energies,
such as solar thermal energy, can reduce the energy consumption of buildings in a passive
and sustainable way (Mahmud, 2009). The systems incorporating PCMs benefit also from the
isothermal nature of the phase change process (Hazami, 2009).

Assis et a. (2007) experim-entally studied the melting of the PCM in a spherical shell
which includes the visualization of the process, and compared it with the transient numerical
solution performed using the Fluent 6.0 software. A generalized corr-elation was suggested
for the molten fraction, in terms of Fourier number, Stefan number and Grashof number.

Cho (2000) experimentally investigated the thermal characteristics of paraffin in a
spherical capsule packed inside a storage tank at different values of the Reynolds number and
inlet temperatures. They concluded that the phase change period for the capsule at the edge of
the storage tank was shorter than that at the center of the storage tank, because the porosity at
the center was smaller than at the edge of the storage tank.

The main goa of the present work is to design a latent thermal energy storage system
incorporating PCM, taking advantage of solar energy, which is an abundant resource in Iraqg
climates, for space heating during the winter season in Baghdad, Irag.

2. Experimenta Setup

Two air heaters boxes were designed and fabricated to carry out this study. The two air
heaters consist of the following:
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The wood box: the boxes were made of wood 1cm thickness to guarantee good thermal
insulation. The boxes are opened from above where the glass is fitted. The boxes
dimensions were (1 m length, 0.5 m width and 0.15 m height). The front and rear end
converge to reduce air flow losses at these two points. Air drawing fan was fitted at the
exit, its function was to draw air from the air heater and deliver it to conditioned space.
The entrance was fabricated just as the exit with circular form of diameter size 10 cm.
The perpendicular distances from the entrance and existence to the air heater (divergent
zone for the entrance and convergent zone for the exit) were 35 cm.

The air heater: two air heaters were built. The first one was fabricated from concrete
(sand, cement and pebbles) 12 cm thicknesses. Ten copper pipes (2.58 cm diaand 1 m
long) were fixed inside the concrete block. These pipes were opened from its ends to
allow air to pass through. The air gains transmitted heat from concrete to pipes while it
is passing through it to the conditioned space. This crossing air was considered the base
of comparison in the present study. Three essential parts form this air heating system,
these parts are: a single transparent glass, isolated duct and the storage unit which is
consist of a single row of cylinders. This unit works to satisfy two goals; absorb and
storage the solar energy. The concrete block face was painted with absorbent black
paint. The total mass of the concrete material is about 80 kg.

The second air heater was fabricated in the same dimensions of the first one. It was built
from concrete also but three rows of copper pipes (each one consists of 10 pipes) were
fitted inside it uniformly. The middie row pipes were open ends used for air passing.
The higher and lower rows were closed ends filled with paraffin wax which is the PCM
used in this study. Wax weight used in this study was 9.72 kg. The design takes into
consideration many con-cerns such as, the integration with PCM storage unit, the
simpl-icity of construction, dismantlement, and hand-ling the PCM unit. The
experimental trials consist of two different processes, such as charging and discharging.
The charging process is done by heating the PCM bed from concrete temperature (at
constant temperature), until the entire PCM changed its phase completely. During the
discharging process, heat is supplied through the heated PCM bed to concrete and air.
Table 1 illustrates some of concrete and parrafin wax specifications.

Glass: 2mm thickness glass was fixed at the top of the two boxes to cover the concrete
wall and the entrance cone. It was fixed by silcon material to prefent any air leakage 3
cm above the concrete wall. Exposing the aluminun chips for sun rays was the reason
for covering the entrance cone with glass.

Thermocouples: six copper-constantant thermocouples were fixed in six palces inside
concrete block. Two were fixed at the block top, two at the middle and two at the
bottom of the block. The avarage of these thermocouples was consid-ered as the
concrete temp-erature. Four thermocouples were fixed in each PCM layer. It was distri-
buted in a way that its avarage can be considered as the higher and lower wax
temperature. Two mercury thermometers were fixed in the air entrance and exit to
meas-ure its temperature in each case.

Exit air velocity measuring device: Exit air velocity was measured by (Anom-eter). All
the measuring devised were calibrated and there accuracy was found as will be seen in
uncrtinaty paragaph.

Aluminum reflectors. two wooden sections were covered from one side with aluminum
foils and used as reflectors. They were used to insure concentrating the sun rays on the
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air heater at the morning and noon periods. After sunset these sections were used as
covers for the air heaters to prevent any heat transfer by radiation or convection to the
surrou-nding.

g- The Fan: A constant speed fan (10 cm dia. and 100 W powers) was used to maintain a
laminar flow.

A schematic diagram of the experimental setup used in thisstudy isgivenin Figure1 & 2,
while Figure 3 represents a photo of the air heater.

Fig.(1), a schematic diagram of the
experimental setup used in this study

Fig.(2), a schematic diagram of the
experimental setup used in this study

Fig. (3), Photograph for the air
heater used in the study
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Test Proseadure
Experimintal measurments tests were conducted for the air heaters at the following cases.

1- First case: Concrete wall alone inside the air heater box.

2- Second case: Concrete wall with PCM pipes insde the air heater box.

Teste were conducted from 1/ 1/ 2012 to 15/2/ 2012 in Baghdad city-Iraq winter
weathers. The incident solar intensity for the former mentioned period was taken from the
Iraq Metelorogy Organization. Measures were taken for the studied cases at the same time
and day. The temperatures were measured for severa days in each month at a rate of two
times per week. The avarage of these measured reading were considered as the hourly
temperatures for each studied month. The measures started at 7.00 AM and continued untill
the wall temperature equalized intering air temperature.

The following equations were used to calculate storage energies and heating efficiency
for each part of the used systems.

1-  The stored energy in concrete wall:

Qc = M¢ Cp, AThc k) (D

2-  The stored energy in paraffin wax

Qw = my Cp, AThW kI @

3-  Airmassflow rate
mg = pg Q ©)
4-  Air volumeflow rate
Q=A4V (4)
5-  Heat transfer by air
Qq = mg cp, ATy, (kW) (5)
6-  First case (Concrete) thermal storage efficiency (first case)

Qc
Nstorage = 74 (%) (6)

7-  Second case (Concrete+PCM)thermal storage efficiency

QC+ Q‘-V
Nstorage = ~— 4 (%) (7)

8- System heating efficiency
Mhear = 2L (%) 8)
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3. Resultsand Discussions

Fig. 4 shows the air heating process parts temperatures, inlet cold air, exit hot air and
concrete wall temperature. Concrete wall temperature increases highly due to solar intensity
starting from 8 AM until 2 PM. After 2 PM the wall temperatures reduces due to solar
intensity declines accompanied with cold air entering causing exit air temperatures to be
reduced and drops. The air temperature increment rate at Jan. was 61.8% while at Feb. was
57.92%. These results indicate that the air heating system can be used for Baghdad City
weathers efficiently.

Fig. 5 represents temperatures details for the second case tested in this study where PCM
was added to the concrete wall. Temperature increase and reduction still the same as fig.3,
except for in this case worming time extended for about two to three hours more. Concrete
temperature relatively maintained the same temperatures as case one, putting in mind, that
concrete mass in this case less than case one, whereas PCM pipes take place, on the account
of concrete mass. At the time of worming (from 7 AM to 2 PM) concrete temperatures
exceeded all other temperature. After 2 PM concrete sensible heat gained at the last period
reduced faster than PCM. Wax temperature after 2 PM exceeded all other temperatures
depending on its stored sensible and latent heats. The air temperature increment rates were
78.92 and 65.08% for Jan. and Feb. respectively. It can be realized from figures 3 & 4 results
that the increment rates at Jan. are higher than that at Feb. This is due to the higher inlet air
temperatures introduced to the air heater at Baghdad Feb. days.

Fig. 6 represents air stored energy for the two studied cases versus time. It is clear from
the figure that the second case stored the highest energy in air. This case contains the effect of
concrete sensible heat in addition to wax sensible and latent heat. For comparison purposes,
the increments in air stored energy at Jan. were 52.59 for case 2 compared with case 1. The
increments were 54.97 for case 2 compared with case 1 at Feb. It can be observed that higher
heat was gained at Feb. due to higher solar intensity in Baghdad City region.

Fig. 7 demonstrates the tested systems efficiencies versus time. It is clear that higher
system efficiency can be achieved using the second case (concretetwax). Increments in
system efficiency percentages were 49.38 at Jan. and 54.13 at Feb. for cases2 compared with
case 1.

Fig. 8 illustrates the tested system thermal storage efficiency versus time. Case 2 still rank
the highest thermal efficiency due to availability of concrete sensible heat storage added to
wax sensible and latent heat storage. The increments in thermal storage efficiencies were
44.39% at Jan, while at Feb. it were 49.19% for case 2 compared to case 1.

Fig. 9 shows the charging period of PCM. This period starts from the first daytime but it
appears clearly starting from 11 AM and it expands till 2 PM. In this period PCM
temperature increased to reach wax melting point, at which it settles until all the wax melting
is completed. The liquid wax temperature starts to increase higher than melting point for the
rest of the charging period. Wax phase changing in addition to sensible heat which it stores
after melting ensures high thermal energy storage.

Fig. 10 represents the disch-arge period of PCM. This period starts around 2 PM and it
expands until all the stored energy is used. PCM temperatures reduced in this period and
paraffin wax started to lose its sensible stored energy until it reaches melting point. At this
point it settles until all wax changes its phase to solid phase. After al the wax is solidified its

193



NATIONAL RENEWABLE ENERGIES CONFERENCE AND THEIR APPLICATIONS 2013
Ministry of Higher Education and Scientific Research -University of Technology
Energy and Renewable Energies Technology Center

2013 Wgalikaty Sasaiall clBlall il gl) paliall

Lon ol il daalad) _alad) Ciadl g Mall anlasll 3 ) 59
Sasadiall cldual) g A8Uall Lia ol 43S5 38 3a

temperature reduces in high rate due to two reasons. The first one is the time of this operation
takes place after 2:30 PM where the solar intensity starts to drop and inlet air temperatures
stated to reduce more.

4. Conclusions

Two cases were studied in the present paper, simple case of air heater made of concrete, in
the second heater PCM was added to the system. The tests were conducted at Baghdad city
winter days between 1-1-2012 to 15-2-2012. The results indicate the following:

1- Adding PCM to concrete (case 2) improves the air heater system. Compared with case
1 (concrete heater) for Jan. and Feb. respectively the following is resulted: the gained
temperatures increased with about 61.8. The air stored energy was improved about 54.97.
The system efficiency was improved to 54.13%.

2- Adding PCM to concrete system improves the charging period. It also decelerates the
system temp-erature lose at discharging period. This addition helps the system to worm air
for longer time.

3- The results demonstrate that case 2 air heating system is adequate for air heating
purposes in Iragi winter weathers.

Table (1), Specifications of concrete and paraffin wax used in present study

Concrete Parraffin wax
Density s (kg/m°) 2300 930
Density | (kg/m°) 830
Cp s(kJkgh) 880 1850
Cp | (kJkg h) 2384
Heat storage capacity s
(kd/kg) 8.8 212
Heat storage capacity |
(kJ/kg) 175
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An experimental and theor etical investigation of the dynamic
effectsof rapid risein fuel flow rate steam on characteristics of the
inner tubes of steam power plant

HASHIM A.HUSSAIN

Univercity of Technology, Electro -mech. Engineering Department — Bagdad-Irag.
E-mail:doctorhashim2004@yahoo.com , Mobile 07904383422

Abstract

Thiswork deals with atheoretical and an experimental investigation of the dynamic effects of
rapid rise in fuel flow rate (heat input) on the characteristics of the riser tubes in natural
circulation water tube in boiler of steam power plant. In the theoretical work, the heat transfer
coefficient and wall temperature are calculated and the governing equations of mathematical
boiler model are solved .The experimental work was applied on the power plant of Didacta —
Italia which available in Damascus University. Upper drum parameters are measured under
increasing of heat input by ratio 10% and 20%.The results indicated that rapid increase in the
fuel flow rate causes increased rates of evaporation and thus causes high increase in the
quality that causes tube overheating. The riser temperature increases dightly above the
saturation temperature due to the increase in the steam temperature and due to the dynamic
influence resulting from sudden increase in the heat flux. The theoretical and experimental
results provided good an acceptable comparison and the same behavior with Kim and Choi
results and represented by graphics.

Key words: - steam power plants, water tube boilers, and dynamic effects
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Nomenclature:

A, -Thedrum areaat normal operating level (mz)
C,, - Specific heat at constant pressure (KJ/kg.k)

D, , D, - inter and outer drum diameter (m)

Ny - N
h, - Condensation enthal py (KJ/kg)

hf - Specific enthalpy of saturated liquid water (KJ/kg)
h, - Specific enthalpy of steam (KJ/kg)

h, - Specific enthalpy of dry super heated KJ/kg)

=h,-h; entropy of evaporation (KJ/kg)

Q.- Steam water flow rate (KJ/h)

ty- Residence time of the steam in the
drum(s)
T, - Saturation temperature for steam (C°)

V, - Volume of boiler drum (m®)
V,. - Volume of down comer ()

V, - Volume of riser (m)
V, - Volume of steamin drum (m’)

V %« - Volume of steam in drum at equilibrium
(m’)

h,, - Specific enthalpy of feed water (KJ/kg)

K - Friction coefficient in down comer-riser loop
L - Drum water level (m)

L, - Level variations caused by changes of the amount
of steam in the drum (m)

L, - Level variations caused by changes of the amount
of water in the drum (m)

M, - Mass flow rate of steam exiting the boiler to
turbine (Kg/s)

m,, - Massflow rate of water (Kg/s)

V, 4 - Volume of water in drum (m?)

V,, - Total volume of water in drum (m’)
X - Massfraction of steam in the flow (-)

Greek symbol

a - Volume fraction of steam in the flow (-)

b - Parameter in empirical formula (-)

H 3
Q - Heat flow rate (KJ/h) I' 4 - Density of saturated steam (Kg/ ')

Q; - Feed water flow rate (KJ/h) _ 5
r - Density of water (Kg/ nr)

Introduction

Water circulation in natural circulation drum boilers is one of the critica problems in
boiler technology. Poor water circulation may cause tube rupture resulting in unscheduled
boiler shutdown that may interrupt plant operation. Such poor circulation may arise from
operational-type problems such as rapid rises in boiler load causing rapid rises in the heat
flux as aresult of rapid rises in fuel flow rates. It is known that each boiler tube experiences
different heating conditions due to the no uniformity of heat flux distribution in the furnace.
During the last few years, some boiler explosions were attributed to poor water circulation
[1, 2]. As aresult, calculations and measurements of water circulation and other operating
parameters, such as steam quality and void fraction, have become more important not only
for boiler manufacturers but also for large industrial establishments as well as insurance
companies. Adequate water circulation is necessary to cool tubes that form boiler walls.
Criteria are required to determine the potential for tube overheating. These criteria can be
applied using circulation modeling and calculations to identify problem areas. Modeling the
steam generator system including drum boiler, riser and down comer is one of the important
problems [3, 4]. The motive force driving the steam/water mixture through the tubes in a
natura circulation system is the difference in density between cooler water in the down
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comer circuits and the steam/water mixture in the riser tubes. This flow must be adequate to
cool the tubes and prevent overheating. Normally, overheating of riser tubes are due to one of
two reasons. The first occurs under steady-state conditions when the tubes are partially
blocked such that the pressure losses increase. As a result the mass flow rate of water
decreases at the same heat flux causing less heat transfer to the water and consequent
overheating of the tube metal. The second cause occurs when sudden rise in the heat flux
occurs and is followed by an increase in the steam quality. As a result, circulation decreases
as aresult of increase in the pressure [5, 6]. A schematic picture of a boiler system is shown
in Figure (1, a, b), the heat (Q) supplied to the riser's causes boiling. Gravity forces the
saturated steam to rise causing a circulation in the riser-drum-down comer loop. Feed water is
supplied to the drum and saturated steam, (q,), is taken from the drum to the super heaters

and the turbine [7].

T Steam to Superhsaters

T, Steom to Suparheaters

MWL

Drum
Evaparator

ar
| Water wizn
Tubes

Mud Drum
ot

v
Bottorn Drains

Difference

in lovel -T—

Boiler off Boiler at high loed

No slean bubbles, and e level Many gteam bubbles and o lower
paugr glass shaws the trie water indicated level in the nauge nlass
level in the shell

Figure (1) Bubbleseffect on thedrum level, a- Low firing rate - High firing rate, c -
Neutral drum level, d - Risedrum level [7]

A strom and Bell [8] developed a model of nonlinear dynamic system and describes the
complicated dynamics of the physical plant. It was shown that the dynamic fuzzy model
givesin some appropriate sense accurate global nonlinear prediction and at the same time that
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its local models are close approximations to the local linearization of the nonlinear dynamic
system.

Kim and Choi [9] developed a model for water level dynamics in the drum-riser—down
comer loop of a natural circulation drum-type boiler. The model is based on basic
conservation rules of mass, momentum, and energy, together with the constitutional
equations. The work provides an investigation of the response of water level dynamics to
changes in steam demand and/or heating rate.

The present work aims at developing, utilizing nonlinear modeling, a numerical procedure
for the dynamic simulation of natural circulation steam generator system and investigating
the dynamic response of the pressure in the drum, steam quality at the exit of the riser tubes
to rapid variations in fuel flow rate (heat input) and experimental measurement of upper drum
parameters (drum pressure and drum water level) under these vibrations to optimize the
steam generator operation to prevent the overheating of the riser tubes.

Theoretical work:-
The theoretical work was included: - caculations of heat transfer coefficient and wall
temperature, in addition of the governing equations of boiler were solved numerically.

Heat transfer coefficient calculation

The two-phase (liquid and vapor) flow pattern in a pipe depends on many parameters such as
the flow velocity, the quality of the mixture, the properties of the two phases (density,
viscosity and surface tension) and the pipe geometry as well as its orientation. The flow
patterns in horizontal tubes are dightly different due to the effect of gravity.

A large number of empirical and semi-empirical correlations are available to predict heat
transfer coefficients for the flow boiling regimes in vertical and horizontal tubes. Some of
these correlations have been widely tested and are practicaly used. The caculation of the
heat transfer coefficient includes a convection evaporation term and nucleate boiling term and
isexpressed as[10, 11, 12]

h = h|C, (Co)* (25F,)* + BO™F, | (1)
Nu = 0.023(R,,)°*(P)"* 2
i r 23|';D 3
BO = Gt‘jfg @

co - (=) ek ©)
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Wall temperature calculations
To calculate the inside and outside wall temperatures of the riser tube [13, 14, and 15]:

quo — i sat , 6
Ran ©
_In(D,/D,,) 1

pipe — 2 pK Soe ' IKonv. - leh (7)

The system considered includes the drum, riser and down comer, the presence of steam below
the liquid level in the drum causes the shrink-and-swell phenomenon which makes level
control difficult. The outflow from the risers passes through a separator to separate the steam
from the water. In spite of the complexity of the system it turns out that its gross behavior is
well captured by global mass and energy balances. The balance thermal equation for burning
process can be obtained from the following equation: [16, 17, 18 and 19]:-

d(mg H of )

= ACKTAT Ky BH, ~G,Cy T, - KT 5 =T") )

e~ pg”

Where A - Air, B - the fuel flow, Ge - the evacuated gas, Kcomb - the burning coefficient .
The heat exchange to furnace zone (convection, conduction and radiation) and the water from
pipes, a the saturation temperature Ts, is equivalent with a direct heat exchange through
radiation. T, is the middle temperature of burning gases. From the low of perfect gases

[20,21and 22]:-

myH :% ©)
Vivg d(;)tf = ConTA+ Ky BHy —G,C oy T, — Ko (T, = T5") (10
a2, =, -, (@)
a210|;/—t“+a22§:(3+ m,h, —m.h, (12)
a, % rag ‘Z_T — Q- xhy (13)

(14)
a42%+a43‘2—>:+a44 d:j/tw = (rT—:)(va —vsd)+%rm

The governing equations consist of conservation of mass and energy of the total system. The
equations governing the phase change in the drum include the steam and water volumes
inside the drum and the rate of steam condensation and the equations governing the flow
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circulation in the riser—down comer loop, which govern the transport of the mass, energy and

momentum.

Thus, a set of four differentials nonlinear equations representing the time dependence of the
state variables of the pressure, steam quality, total water volume and steam volume in the
drum can be presented as follows [23, 24 and 25]. The coefficients of these four equations

are given by

a'llzrf_rg:rfg

_v or or
a12 wt ap st ap
h —rgh
or oh or oh
8y =V (hy ——+1  —)+Vy(h, —L+71 —) -V, + MC,, s
op op op oP
—(r, T ya-aw, +@-x)h Parav,
r a)V. + aV. +
" P "o i
oTs
(ry+Xr hgv faP -V, +M . C, 8_P
aSS ((1 X)r +er)hfg r a
or 1 oh oh; oT
a42 :Vwa—;+ﬂ{rngsa—;+rfvwda—lg—vw —de +MdCP8—Ff}
oa
+ X@+b)V, [a (1 a)—+(r f)E]

oa
a43 = X(1+ b)(r g —-Tr f)Vr &

a44:rg

Thenumerical solution

A. Theinitial conditions

To obtain theinitial conditions, the following equations must be solving:-

m, = m,
Q = ms(hg _hw)
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. 2 - Y (26)
Q=thg\/ rfpﬁc(r fk rg)ga r
rT‘I’ = de (27)
m, = m,(h; —h,)/hy (28)
a=t11-—"= Inw+ o) (29)
r fg Xr fg r g
Q = rhdc(thg) (30)
t (h, —
v, :Vwo _Mm,v (31)
r ghfg
Vi =Vg +Ve +(@-a)V, (32)
r
t, = Eivsdovwd +V, +(@1-a)V. (33)

B. The constants and boundary conditions

The operational data are taken from power plant characteristics such as, drum pressure, steam
mass flow rate, drum volume, riser and downcomer volumes, water surface area, feed water
temperature and thermal conductivity of the pipe material. There are many constants
according to the boundary conditions as following [26, 27]:-

| - Convection number < 065 (C1=1136 C2=-09, C3=667.2, C4=07
and C5=0.3).

|- Convection number > 0.65 (C1 = 0.6683, C2 = - 0.2, C3 =1058, C4 = 0.7 and C5 = 0.3)
the convection number calculated from equation (5). C5= 0 for vertical tubes and C5 = 0 for
horizontal tubesif Fr is greater than 0.04. Fk = 1 for water (a fluid dependent parameter), hL
is the single phase heat transfer coefficient and is calculated from the Dittus- Boelter
equation (1). b =0.3 (Empirical value used for calculation the coefficients in equations 21
and 22).

C. Thesolution procedure

A numerical scheme for the solution of the governing differential equations was established.
The dynamic response of the system’s state variables due to rapid changes in fuel flow rate
(heat input) was investigated. The present model was used for the prediction of possible tube
overheating was devise.
The solution procedure can be summarized: - equations (1)—(7) were used to calculate the
heat transfer coefficient and metal temperature. Equations (11)—(14) were solved
simultaneously using an explicit method time step is 0.3 s for a total time 200 s. The
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coefficients in these equations were obtained from Equations (15)-(23). As well as other
main boiler parameters calculated from others equations.

Experimental work

The experimental work was applied on the steam generator of Didacta — Italia power plant.
All the parameters are measured after the plant reached to thermal equilibrium state and any
others data are taken from the technical characteristics of steam generator. The experimental
work included the measurements and calculation of the main parameters as the following:-

A. Measurements

The test was performed for the changes in drum pressure and drum water level in response to
step variations in firing rate ( increasing of heat input by 10%and 20%). The measurements
provide firing rate variations with time. The following parameters are measured:-

1. Measurement of drum level

The drum level has a complicated geometry d11 (glass gauge 113 mm length) as shown in
figure (2) in steam generation unit. To measure the drum level response with firing rate, read
drum level directly from the glass gauge (d11) with the same time when we measure the
drum pressure at increasing the firing rate by (10% and 20%). The drum has a complicated
geometry. The linear zed behavior can be described by the wet surface ( A,) at the operating

level. The deviation of the drum level (1) measured from its normal operating level is[29]:-

V V
LZM:LU"—W (34)

A

To measure the drum level response with firing rate change, read drum level directly from the
glass gauge (d11) with the same time when we measure the drum pressure at increasing firing
rate by (10% and 20%) . Repeat the same procedure above but in opposite i.e. drum level
response with decreasing firing rate by 10 %, and 20%

2- Measurement of drum pressure

The drum pressure Gage (P1) in steam generation unit as shown in figure (2) changes with
variation of firing rate (heat input), to measure this variation, we start the plant and let the
plant run a long enough to reach stabilization i.e. until steam pressures and temperatures in
the various points of the circuit and the cooling water temperature at outlet from the
condenser remain constant. When stabilization is reached, record the drum pressure
measurements with the time under increasing of firing rate by 10% and 20%. At each change,
we are read the drum pressure by Gage (Pl) with time.

3- Measurement of differential pressure
Ap = differential pressure (mm Hg) measured by using of a calibrated diaphragm.

4- Measurement of feed water
Feed water volume (V; ,, ) measured directly as shown in figure (2)
5- Measurement of fuel leve

Fuel level measured from fuel tank as shown by figure (2)
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B- Calculation procedure

The value of mass flow rate of steam (m,) can be calculated from the following equation
after measure the value of the differential pressure (Ap) mm Hg [29]:-

p‘iz J2rAplkg/ §] (35)

Where, a - coefficient of discharge = 0.60845, e - expansibility factor = 0.99658, d - orifice
diameter = 20.5 mm, internal pipe diameter =27mm,

m,=a.e

S

Steam temperature (T,) measured directly from the control unit in steam power plant
(Electric control and command board). Also the data of burner are taken from the technical
characteristics of burner such as, rate of consumption (m,) can be calculating from the
following equation [29]:-
L, *0.8
m, = " *3600kg/ h] (36)

f.

Where, L, = level reading of fuel tank, 0.8 = specific weight of the fuel, t ; = measured
time.

Feed water mass flow rate (m,,) calculated by measured of feed water volume (V;,, ), and
time of boiler operation (typ), Vi, Wastaken from tables (according to pressure
and temperature of boiler), then (m,,) can be calculate from the following equation [29]:-

.37

/ Fuel level Feed water Drum pressure Drum water level

Measuremen Measurement Measurement Measurement

Figure (1) Steam generation unit of power plant (Didacta- Italia)
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Results and discussion

Figure 3 presents an experimental and theoretical behavior of drum pressure with time; the
fluctuation of drum pressure with time is due to the firing rate variations with time as shown
infigure 4.

Figure 5 presents the change of the pressure as a result of sudden increase in heat input (Q),
and shows that the pressure increases at a constant rate of dP/dt as aresult of asteprisein the
heat input of 10% and for the case of 20% step rise in the heat input in order to explain the
increase in the drum pressure.

Figures (6 and 7) are provided and present the response of the mass flow rates in risers and
downcomers for the two cases of step risein heat input. The riser mass flow exhibits a sudden
increase as a result of increase in the heat input. As the heat input, is increased, a sudden
increase from the steady-state value in the mass flow rate in the riser occurs.

However, the downcomer flow exhibits a gradual increase with time.Thus, the outlet of the
riser first increases and then decreases to match the flow in the downcomer. Thus, the
difference between the riser and downcomer mass flow rates, increases suddenly causing
increase in the mass flow rate into the drum and the volume of steam-water in the drum.

The difference between both of the two flow rates diminishes a around 30 s from the
moment of the step rise in heat input. This is followed by a continuous gradua decrease in
the risers and downcomers mass flow rates. The case of 20% step rise shows similar trends
but with higher magnitudes of flow rates in risers and downcomers. As well, the difference
between the riser and downcomers at start of the rise is much higher for the case of 20%.
Consistent with the increase in heat input, the quality at exit of the riser increases as a result
of increased rate of evaporation. The quality increases first at a high rate during the first 10 s.
Figures (8 and 9) are present the dynamics of steam and water volumes in the drum under the
water level. The difference between the mass flow rate in the risers and downcomers aong
with the increase in the quality leads to a rise in the mass of water as well as steam in the
drum As well, as shown in Figures (8and9), the volume of the steam within the liquid (under
water level) in the drum, Vsd, increases as a result of a combined increase in the riser flow
rate and the quality at exit of theriser. The increase in the riser flow rate and the quality cause
high increase in steam flow into the drum, which resultsin increase in Vsd.

Figure (10) indicates that the rate of condensation as a result of increase in pressure increases
suddenly and then continues to increase but at alower rate. The main cause of condensation
is due to the increase in the pressure at the same saturation temperature Ts..

Figure (11) shows that the total volume of water in the system, Vwt, increases . The increase
in Vwt is aresult of increase of Vwd and the condensation of the steam under the water level
in the drum. Consistent with the increase in the total water volume, Vwt, Figure 9 shows a
decrease in the total steam volume, Vst, according to the relation Vst+ Vwt=V .

The response of heat transfer coefficient, h, is shown in figure (12) and the response of the
liquid heat transfer coefficient; hL is presented in figure (13). As shown in Figure (12), h
decreases during the first ten seconds. This is followed by increase in h with time. Despite
that the case of 20% exhibit higher values of h, the rate of increase in h is slower for the case
of 20%.

Figure (14) explain the variation of temperature difference between the metal and saturated
steam for step rise in heat input.

207



NATIONAL RENEWABLE ENERGIES CONFERENCE AND THEIR APPLICATIONS 2013
Ministry of Higher Education and Scientific Research -University of Technology
Energy and Renewable Energies Technology Center
2013 Lgstisdaiy 5aaaialf cABall il gll yaigall
Ton ol o3l Analad) - palad) Cuad) g ladl andasll 30 3 9
Basatal) culBUal) g ABUal) Lia ol 93€5 3 e

Figure (15) exhibits the distribution of the void fraction that indicates a rapid increase in the
first few seconds then followed by a continuous reduction in its value. As a result, the heat
transfer coefficient decreases as shown in figure (12). This explains the behavior of the heat
transfer coefficient, h, in figure (12).

Figure (16) provides a comparison of the water level due to liquid and steam contents. The
small differences are due to the steam contribution to water level the present calculations and
those of kim and choi , show that the volume of bubble continue to increase at a lower rate
rather than decrease .

Conclusions

The present model is used to investigate the dynamic effects of rapid changes in fuel flow
rate on the overheating of the riser tubes in natural circulation water tube boilers. The system
under consideration includes the drum, riser and down comer as its major components. A
numerical scheme for the solution of the governing differential equations was established.
The dynamic response of the system’s state variables due to rapid changes in fuel flow rate
and steam flow rate was investigated.

The results indicate that increasing the heat flux by 10% and by 20% can lead to high
variations in pressure, steam quality and water level in the drum. As well, the changes in the
heat transfer coefficient lead to a temperature increase in the riser metal temperature. The
riser temperature increases due to the increase in the steam temperature and due to the
dynamic influence resulting from increase in the heat flux .The experimental and theoretical
results of the water level in the drum are in reasonable comparison and with kim and choi
results.
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Observed and Predicted Daily Wind Travels and Wind Speeds
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Abstract
Cdculated daily travel and wind speeds variations were determined. An empirical
equation of diurnal changes in wind speeds developed for Western Irag can be aware of the
wind erosion and atmospheric dust storms cause. Wind speed is one of the priority factors to
reduce the wind erosion by apply techniques or change environmental systems in that
region. Wind speed calculated based upon the measured hourly values of wind speed for the
period of 2000-2010. Results of research indicate that Western Iraq has a potential of wind
speed have significantly during October through March , so land cover is needed and the
best land cover is grow perennial biodiversity and artificial land cover which can reduce on
soil removal. Besides, there has been a lack of precise metrological measurements to aid to
monitoring and prediction of high — resolution winds in mulched lands.
The study shows that using long-term average gives better results since extremes tend to be
smoothed out as more data are averaged. The difference between the measured and
calculated wind speed can be simulated within 6% - 27% with mean of 18%.
A good relationship between daily wind travel and mean wind speed for day and night
maximum and minimum wind speeds was obtained

Key words: Wind speed, Day-night winds, Wind erosion

Gl e (8 A8 giall 5 dliall Lo jus 2Ll AS a Jlise

ERETSUEWER
Ol dals il A

e Adlaial Zanal) Y alaall Aand 5o ) sl G gl ¢ o 88 AL Aoy g AS jal A grasal) DAY

Lo e A5 A At I dalsadl o Ll Ao g iad A 1) Caal gall 5 4 5l Cal el dpaa) (uSad L
2010-2000 5 (3o Aakaiall & #Ly 1) jualial el Jall Cuan Adkaiall ) sllaill jass e la pfl elly 4, 1)
O gl @l 5 Ll Aoyl AalS Al L Adkaidl Gl il s

da ackud 8 ) ~L ) AS s g de ju (add ) el il 85 aned Tokaig syl el 3 L) dalall Gl
(e il 38 Lo o (e g Sz o Jgeanll Lo ciaele 38 4l gk 5 558 Baal 5 58 siall cilel ) of, 2l )
%18 %27 - %06 Ox g )8 S Al Ll Ao pud Aliall 5 4 sunall G Gale <l 5 58 Sl
Jll s kel B il A gall Ly I AS il

218



NATIONAL RENEWABLE ENERGIES CONFERENCE AND THEIR APPLICATIONS 2013
Ministry of Higher Education and Scientific Research -University of Technology
Energy and Renewable Energies Technology Center
2013 \giliukiy Basaiall Bl ik gl saigal)
Aa ¢l gisal) daalal) -ealad) Cagll g Mad anladll 35159
Sasadal) culUal) g A8Uall L ol 3S3 3 e

INTRODUCTION

Wind erosion and dust storms are a serious problem in many parts of the world. It is worse
in drylands areas most susceptible to wind erosion on agricultural land include much of
Western Iraq deep sandy soils generally are considered to be high erodible. The study of wind
speed and direction is one of the priority factors to reduce the wind erosion by apply
techniques or change farming systemsin that area.

Data has been recorded by climatological stations across Westrn Irag for many years, but
automation is now phasing out reporting of this useful indicator of wind erosion.

Wind erosion physically removes the lighter, less dense soil constituents such as organic
matter, nitrogen, phosphorus, clays, and silts which depend on the wind speed. Hasson
(2008) found that 7,75% of accumulated dusts was organic materials. Thus it removes the
most fertile part of the soil and lowers soil productivity (Lyles, 1975). Lyles (1975) estimated
that top soil loss from wind erosion causes annual yield reductions.

Broad scale wind erosion rates can be approximated using meteorological data which
reports the frequency of occurrence of dust events (dust storms and local dust events)
weighted according to their intensity as a Dust Storm Index (DSI)(Mc Tainsh, 1998) . The
Eastern Wind model is an indicator of wind erosion under natura conditions, without the
impact of land use activities. The model predicts the level of wind erosion by utilizing both
wind erosivity (the power of the wind to erode) and land type erodibility (the susceptibility of
the land to erosion). Wind erosivity is measured using wind run data, and land type
erodibility is measured using precipitation and evaporation parameters to estimate effective
soil moisture, which when averaged annually, approximates vegetation cover.

The relationship of wind speed variations to atmospheric stability has been studied by Oke
who concluded that the greater the transfer of horizontal momentum towards the surface, the
greater the surface layer winds.

The study has dealt with different micro-climatologically parameters data types. These
include latitude, date, daily wind travel, wind speed, ambient temperature, daylength, night
length.

During the night time the wind speed used to be calm when buoyancy is reduced and little
vertical exchange occurs. Peak wind speed occurs near noon when solar heating promotes
vertical exchange resulting in greater momentum transfer toward the surface.

A one dimensional model of the neutra planetary boundary layer is used to predict the
wind velocity and coefficient of eddy diffusivity throughout the 2-km planetary layer (Mc
Tainsh 1990) who concluded that the wind speed prediction error was 1.2 of the observed
values.

Average wind speed estimate from the data base have been systematically compared with
corresponding wind speed estimate from buoy measurements and model prediction, and very
good agreement has been found,(Raghavan, 1988).

The objectives of this study is construct a wind speed model for predicting diurna changes
in wind speed and to evaluate its relation to air temperature for Western Irag. This study
includes a comparison between the measured and calculated diurnal variation of daily wind
Speed.

MEASUREMENTS
The study performed in the, Western Irag, which is at latitude 33° N, longitude, 44° E. The
climate of the study area is semi-arid and sub-tropical. Mean annual precipitation is 420 mm
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with > 80% of itsvalueisfaling from May to October. Mean monthly temperature range
from 14C in winter and 45C in summer. The average monthly wind speed is the highest
during the summer months.

The measurements of microclimatological parameters include wind speed and air
temperature data were collected from Metrological Station . The data were recorded
continuously (24 hours) on hourly basis for long-term[ 2000 to 2010 ], using automatic
computer connected on-line with the data acquisition system.

CALCULATION PROCEDURE

The model uses a truncated sine wave function for the period from sunrise to sunset and an
exponential decay function from early sunset to sunrise. An input for the model includes
daylength (determined by date and latitude) and maximum and minimum daily wind speed.
The following equations are used for calculation of the wind speed (m/s) during day-time
(WSd) and night-time (WSn).

WSd = (WSmax. — WSmin.) sin [(n/y + 2a)] + WSmin. (D)
WSn = (WSs - WSmin.) exp [(-bn)/z)] + WSmin. 2

Where WSmax. and WSmin. are maximum and minimum wind speed (m/s). WSsiis the
wind speed at the sunset (m/s). y and z are day and night length number of hours (h). nis
the number of hours from the hour of minimum wind speed to sunset (h). N is the number
of hours from sunset to the hour of minimum wind speed(h). ais the time-lag in maximum
wind speed (h) and b is a coefficient that controls wind speed decrease at night. To calculate
the values of the variables a and b the non-linear error minimization technique developed by
[5] was used taking into account the monthly mean of diurnal wind speed for successive
years period (2000 to 2010) for West Midland region. The results show that the values of
(&) and (b) were constants for the side (1.2 and 3.1), respectively. The day-length (y) and
night-length (z) were computed from the data and from latitude by a method developed by
(Powel, 1996) and effective photoperiod day developed by (Sellers, 1965).

RESULTS AND DiISCUSSION

RELATIONSHIPS BETWEEN DWT, WSD AND WSN

The hourly values for wind speed is not always available, while the total wind speed travel
is available more often. For this reason a relation between daily wind travel (DWT) and
mean wind speed for the day (WSd) and night (WSn) could be useful.

The hourly values of wind data for the experiment period were used to develop a
regression equation. Linear regression analysis from software program package was used to
analyze the data set ( a method of minimization method). The resulting relationship was
givenin Table 1.

The scatter diagram of the hourly values of wind speed (WSd,WSn) vs. the hourly wind
travel were plotted in Fig. 1.
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Fig. 1. Relationships between night wind speed and average monthly daily wind travelO

RELATIONSHIPS BETWEEN DWT, WSuvAX. AND WSN

The scatter diagram of daily wind travel vs. average maximum and minimum wind speed
was plotted in Fig. 2. An average maximum wind speed during the afternoon hours (12:00
to 15:00 h) and average minimum wind speed during the morning hours (03:00 to 06:00 h)
were used instead of the instantaneous maximum and minimum daily wind speed to get
more accurate approximation. The resulting regression equation using these data was:

WSmax. = 1.297 (DWT) - 0.921 (m/s)

R*=0.921

WSn = 0.622 (DWT) +0.544  (m/s)
R>=0.713

2.7

254 .

y = 0.4358x + 0.8099
R?=0.7862

Day Wid Speed,m/s
N N
- w

=
©
|

1.7 4

15 T T T T T T T T
2 2.2 24 2.6 2.8 3 3.2 3.4 3.6 3.8

Daily Wind Travel,m/s

Fig. 2. Relationships between maximum wind speed and average monthly daily wind
travel
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OBSERVED - CALCULATED WIND SPEEDS

The measured and calculated data of wind speed for the recording period were shown in
Fig.3. The figure shows that the linear relationship exists between the values. By fitting the
data points in the figure, the following equation was formed with a high correction

coefficient, R? = 0.982.

WSt = 1.042 (WSm) + 0.1934

(m/s)

Where: WSm and WSc are measured and calculated wind speeds respectively.

20

18 4
16 -
14 | y=1.0418x + 0.1934
R?=0.982
12 4

10 A

Measured Wind Speed,m/s

8 10 12

‘
14

Calculated Wind Speed,m/s

Fig.3. Relationships between calculated and measured wind speeds

16 18 20

Tablel. The expansion coefficient in Y = aI + ax equation the correlation coefficient (R?).

Case Interce Slop R?

WSd 0.810 0.43 0.78
WSn 0.331 0.93 0.88
WSma 0.124 1.30 0.92
WSn 0.544 0.62 0.71

EVALUATION OF WIND SPEEDS ESTIMATION

Closeness of the calculated wind speeds to the measured values were checked by

comparing: (1) the differences between the calculated and measured wind speeds averaged
over the recording period and (2) standard deviation of the averaged difference

isdefined as;

D =1/n % (WSc - WSm)

S.D = V[Z (WSc — WSm) — nD] Rs/ n"t
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Where: WSc and WSm are calculated and measured wind speed (m/s) respectively, and
n isthe number of observations. Table 2. gives the value of average differences, D and
standard deviation of the differences, S.D. for the values of calculated wind speeds. The S.D.
of the average differences was the greatest in February (1.7 m/s) and tends to decrease (0.4
m/s) in March.

Table 2. Average differences and standard deviation of the differences between the
observed and calculated wind speed, m/s.

Months _ Average _ St_andard
Differences[ D] Deviation [ S.D.]

January -0.02 1.658
February -0.40 1.747
March -0.02 0.409
April -0.02 0.964
May -0.38 0.554
June -0.39 1.154
July -0.01 1.270
August -0.02 1.087
September -0.01 0.635
October -0.29 1.706
November -0.03 1.670
December -0.36 1.554
Annual,2000- 2010 -0.16 0.481

Figure 4. shows that the method does well in calculating the mean monthly diurnal wind
speeds compared to the measured values. Also, the seasona changes in the pattern are well
represented in the calculation method. During October through March the most effective
wind speeds can be occur, so we suggest perennial and tagasaste are the best fodder to be
grown to reduce land exposure and reduce wind speeds. Table 2 shows the average
differences and standard deviation of the differences between the observed and calculated
wind speed, m/s. The annual differences D and SD are -0.16 and 0.48. The standard
deviation is high annually compared with the monthly average.

CONCLUSIONS
The wind model has potential applications in dust storms and agricultural, biological, of
Western Irag research and application models. An analysis wind speed and air temperature
was performed for the Western of Iraq region for the period of 2000 — 2010. A sine
exponential model for the diurna variation of wind speed estimation was used for this
purpose. The study shows that using long-term average gives better results since extremes
tend to be smoothed out as more data are averaged. The difference between the measured
and calculated wind speed can be simulated within 6% - 27% with mean of 18%.

A good relationship between daily wind travel and mean wind speed for day and night

maximum and minimum wind speeds was obtained.
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Fig. 4. Comparison between calculated and observed wind speeds
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Abstract

A new approach of solar concentrator has been proposed and used to collect sunlight. The
proposed design consists two-dimensional of (20x20) rectangular microlens array (100% fill
factor) that coupled into a planar waveguide. Localized facets prisms of symmetrical angle
(120°, 60°) were placed at the focus of each lens. Theirradiance was measured at each side of
the waveguide by Photovoltaic cells (PV) were fixed at there. The results illustrate that the
cladding materials and their thicknesses affect the optical efficiency of the system
significantly.

Keywords. Microlenses array; Waveguide; Photovoltaic cell; Total internal reflection (TIR);
Zemax.

I ntroduction

The high expensive fabrication of common solar concentrators with tracking system, Leads
to Development of new design of solar concentrator microlenses array. This system provides
high optical efficiency by collecting light at lens apertures to convert solar photons directly
into electricity. Optics for solar concentration typically consists of lenses or mirrors focusing
onto secondary elements that eliminate intensity variations at the PV cell. A common
approach places dozens of lenses into a shared platform, each focusing onto independent
secondary optics and solar cells Y.
Previous work presents an approach to solar concentration where sunlight collected by each
lens in a two-dimensional lens array is coupled into a shared, planar waveguide using
localized features placed at each lens focus ?. Orthogonal concentration method to further
confine sunlight within planar solar collectors. Radial-oriented couplers create micro-optic
solar concentrators ¥,

In this work; the proposed concentrator design replaces discrete optics with a 2D lens array
and a common slab waveguide. Sunlight collected by the array focuses onto localized prisms
mirrors positioned to reflect light at angles that exceed the critical angle for total internal
reflection, and therefore couple into the waveguide. Coupled light is homogenized as it
propagates towards the exit aperture at the slab edges.
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Figure (1): Microlenses array shared with waveguide slab: A. single side ray propagation, B.

Optical design

double sides ray propagation.

Sunlight collected by each lens of the array to focus coupled into a common slab waveguide
using prism mirrors. Rays that reflected at prisms facets with angle defined by Snell’s Law
propagate via waveguide slab by exceeding critical angle, this operation satisfied total
internal reflection (TIR) within the waveguide to the exit aperture. The waveguide transports
and collects sunlight over the entire input aperture to one or two side of waveguide, which

depends on the prism angle.
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Waveguide slab has two samples:
Symmetrical angle (120°) and
Asymmetrical angle (60°)

The samples gives double sides and single side ray propagation into dab respectively as
shown in figure (1) . A low refractive index cladding has been used to prevent energy
losses in ray propagation by refraction and grantee large critical angle to get high efficiency
optica system . The performance of the micro-optic slab concentrator has been simulated
by non-sequential ray tracing with the aid (Zemax) optical design program ®. The best
choice of materials and thickness of microlenses array, cladding and waveguide are
important, all summarized in table (1).

Table (1): Microlens array, cladding and waveguide materials and their dimensions.

Individual lens aperture d thei
jiameter (1 mm)

Microlens array (acrylic) { thickness (1 mm)
refractive index (1.49)at 550 nm

LI TUCIirvE TNUueX (LA F7Jat SO0 TI77L

Waveguide slab (BK-glass)

{ dimensions (20x20x3 mimn)
e fractive index (1.51)at 550 nm
. ] K=" refractive index (1.51)at 22
Cladding materials ( e e L g
refractive index at 550 nm [ ]
Air 1.000
MgF, 1.377
MgF,-E 1.389
LiF 1.392
CaF; 1433
N-FK56 1434
SRF2 1.437

(*) all the selected materials are transparent to solar radiation [

Waveguide slab function was to collect, homogenize and transport the energy to a
common exit aperture. For the planar waveguide concentrator the geometric concentration
ratio (Cgyeo) Were defined as the ratio of length of the waveguide divided by the thickness that
is to say, the ratio input to output areas of the optical system.Optica efficiency (n) is the
fraction of light which reaches the output aperture and principaly includes Fresnel
reflections, material absorption and waveguide decoupling losses. The flux concentration
(Chu) 15 the product of the geometric concentration ratio and optical efficiency (2

slab length

flux = X efficiency = Cgeo X 1 (1)

slab thickness
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V grooves or caled "prisms mirror", were proposed and implemented in Zemax optical
design program as rectangular volume object. The design done by collecting severa
segments of this object in paralel array of dimensions (20x1 mm). Such the yield (35%) ray
coupling area which produces double sided of ray propagation at edges of waveguide slab.

The same object arrangement were also adapted to design another V grooves with
asymmetrical angle (60°). This leads to (30%) ray coupling area that produces single sided of
ray propagation at the edge of waveguide slab as shown in figure (2).

Wavegquide Decoupling
Focused ays TIR (Primary Loss|
from lens '
Guided Rays
Slab
waveguide
Reflective facet TR TR

N Other coupling points /

Figure (2): Ray propagation in waveguide slab concentrator.

Result and discussion

The design of symmetrically angle (120°) prism couples rays into the slab, guiding light
towards two opposing edges. To collect the concentrated light in two simply places PV cells
at each output edge were used. Another design of asymmetrically angle (60°) prism couples
rays into the slab, guiding light towards one way of edge, to collect the concentrated light at
PV cells at output edge. These facets occupy a small fraction of the total waveguide surface
and enable high geometric concentrations despite decoupling loss when light strikes a
subsequent coupling region. These prisms reflect incident light at angle (60°) which exceed
critica angle and achieve (TIR) into dab as shown in figure (2).Variable thickness of
cladding has been used over the range (0.1- 1mm) in the two samples above. Figure (3)
shows degradation of optical efficiency by increasing of cladding thickness in single sided
sample, while another sample (double sided) shows slightly variation in optical efficiency by
increasing of cladding thickness (maximum value of optical efficiency in (0.7mm) cladding
thickness which means the most appropriate focal shift to cover coupling ared). This may due
to cladding thickness which lead to shifting of lens focus (defocus) that appropriate to ray
coupling in wide range of prism area (35%) in double sided sample, while single sided
sample has narrower range of coupling area. Despite of single sided configuration has lower
path optical length than double sided (number of TIR rays in single sided less than rays of
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double sided). Lower negligible energy losses may be achieved in comparison with coupling
area [, Figure (3) shows variation of optical efficiency vs. materia indices and their
thickness. Its clear high optical efficiency was achieved when air is  cladding. The prism
angle is responsible of ray's redirection inside waveguide slab, so the angle value determines
if rays exceed critical angle or not, (120°) symmetrical and (60°) asymmetrical angle gives
roughly (60°) redirected ray angle at another slab surface (boundary surface between slab and
cladding) which exceeds critical angle if air cladding has been used, and satisfy (TIR) that
gives high efficiency. Another cladding materials satisfy (TIR) at critica angle greater than
(65°), and the prism angle partially achieves this critical angle by marginal rays that incident
to lenses, this system ensures partially (TIR) that gives low efficiency.

Conclusion

The micro-optic slab concentrator integrates multiple, focusing apertures with a common
waveguide to direct solar energy to asingle or double PV cell. A slab waveguide can be used
as secondary optics to collect and homogenize sunlight focused by a two-dimensiona lens
array using the hybrid non imaging approach. Reflective facets designed on the backside of
the waveguide act as fold mirrors to couple sunlight into the waveguide at angles which
exceed the critical angle for TIR .The system becomes essentially planar while opening a new
design space for CPV. Focal length, waveguide thickness and materials selection lead to
suitable designs for small and large-scale applications.
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Figure (3): optical efficiency of waveguide concentrator against:
(A) Cladding thickness varied,

(B) Materia refractive indices (n).

For single and double sides ray propagation.
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M odeling and design of flat plate solar collector using different
physical and geometrical conditions
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Abstract

This paper deals with collecting solar radiation from the sun and transfer the received
energy to a fluid which passing through pipes or channels which are integrating with the
collector absorber plate that has a physical properties characterized by high absorptive solar
radiation called the absorption surface, typically a metal plate, usually copper, steel, or
aluminum materials with tubing of copper in thermal contact with the plates. In this paper
simple and efficient thermal system has been designed to utilize the available sun light by
simple design of flat plate solar collector under different conditions which includes:

Unglazed cover, Glazed cover (single or double glazing), Different working fluids, Different
physical properties of pipes, Different climatic conditions.For each case of above it was
found outlet fluid temperature, instantaneous efficiency and modifier angle factor.
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Abbreviations

rc Collector efficiency.

Gube Energy collected above the tube region, Watts.
gu Total energy gain of the collector, Watts.
Cp Bond conductance

Ts  Inlet fluid temperature, °C.

T Outlet fluid temperature, °C.

Gr Incident Solar Radiation, W/m>.

8 Incident Angle of Beam Radiation, deg.
B  Collector slope, deg.

Tamp Ambient Temperature, °C.

Vuwinda Wind speed, m/s.

F'  Collector efficiency factor.

G4/Gr Diffuse Radiation proportion.

R  Relative Humidity.

1. Introduction

In the recent years solar energy has been strongly promoted as an active energy source.
One of the simplest and most direct applications of this energy is the conversion of solar
radiation into heat. Hence way that the domestic sector can lessen its impact on the
environment is by the installation of solar flat plate collectors for heating water.

Although it should be said that some of these collectors have been in service for the last
40-50 years without any real significant changesin their design and operational principles.

A typical flat-plate collector consists of an absorber in an insulated box together with
transparent cover sheets (glazing)[1].

The absorber is usually made of a metal sheet of high thermal conductivity, such as
copper or aluminum, with integrated or attached tubes Fig(1). Its surface is coated with a
specia selective material to maximize radiant energy absorption while minimizing radiant
energy emission. The insulated box reduces heat losses from the back and sides of the
collector [2,3].

Tubes for
liquid flow

Absorber
Inlet

header

Plumbing

fitting Collector

frame

Insulati::-
Fig.(2) flat plate solar collector [3]

The flow distribution through the finned tubes of a collector clearly affects the operational
efficiency of the collector system. Therefore, the more uniform the flow through the tubes,
then the higher efficiency of the collector, and vice versa [4, 5]. The flow distribution can be
evaluated by temperature measurements at various points of the collector [6].
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The energy loss through the top of solar collector is the result of convection and radiation
between the parallel plates. The loss per unit area through the top is equal to the heat transfer
from the absorber plate to the cover. This process of losing energy illustrated in Fig (2)

Ambient 7

( Convection

Radiation

Cover 1 T \ ¢

[ Convection  Radiation
- v
|
Fig.(2) Heat transfer mechanisms through a collector with asingle cover [6]

Plate T i

There are another source of heat losses which are the back and edge heat |osses of the
collector where the energy loss through the back of the collector is the outcome of the
conduction through the back insulation and the convection and radiation heat transfer from
the back of the collector to surroundings. The magnitudes of the thermal resistance of
convection and radiation heat transfer are much smaller than that of conduction, and therefore
it can be assumed that al the thermal resistance from the back is due to the insulation [7].

To guarantee that the collector can withstand high thermal 1oads, the highest
temperature in the collector should be |less than the melting point of the partsthat is
assembled from. Stagnation temperatures are the highest temperatures of the covers and
absorber plate that can be obtained from the collector. They take place when the collector is
not working, i.e. when the working fluid does not circulate. In this case, the useful gain from
the collector is zero[ 8].

The collector can reach temperatures up to 200°C when no liquid flows through it and
therefore all the materials used must be able to resist such heat. The absorber is usually made
of metallic materials such as copper, steel or auminum. The collector housing can be made
of plastic, metal or wood, and the glass front cover must be sealed so that heat does not
escape, and the collector itself is protected from dirt, insects or humidity.. The absorber plate
which covers the full aperture area of the collector must perform three functions: absorb the
maximum possible amount of solar irradiance, transfer this heat into the working fluid at a
minimum temperature difference and lose a minimum amount of heat back to the
surroundings.

Since the temperature of the absorber surface is above ambient temperature, the surface re-
radiates some of the heat it has absorbed back to the surroundings. This loss mechanism is a
function of the emittance of the surface for low-temperature, long-wavelength radiation.
Many coatings that enhance the absorption of sunlight (short-wavelength radiation) also
enhance the long wavel ength radiation loss from the
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surface. A good coating will produce an absorber surface that is a good absorber of short-
wavelength solar irradiance but a poor emitter of long-wavelength radiant energy

Normally the absorber is covered with one or more transparent cover sheets to
reduce convective heat loss. However convective loss is not completely eliminated because a
convective current exists between the absorber and the cover sheet, so transferring heat from
the absorber to the cover sheet. Externa convection then
produces a net heat |oss from the absorber asit cools the cover sheet.

2. Theoretical background

Under steady conditions, the useful heat delivered by solar collector is equal to the energy
absorbed in the metal surface minus the heat |osses from the surface directly and indirectly to
the surroundings. This principle can be stated in the relationship:

Qu:Ac[HR(t 'a)e_UL(tp_ta)] (1)

Where Q, isthe useful energy delivered by collector, [Watts] or [cal hr']. Ac isthe
collector area, [m?]. HR isthe solar energy received on the upper surface of slopping
collector, [W m™] or [kea hr* m?] . H isthe rate of incident beam or diffuse radiation on a
unit area of surface of any orientation. R isthe factor to convert beam or diffuse radiation to
that on the plane of collector. t is the fraction of incoming solar radiation that reaches the
absorbing surface, transmissivity (dimensionless). a. is the fraction of solar energy reaching
the surface that is absorbed, absorptivity (dimensionless). (1. a )e iSthe effective
transmittance absorptance product of cover system for beam and diffuse radiation. U isthe
overall heat loss coefficient. t, is the average temperature of the upper surface of the
absorber, [°C] and t, is the atmospheric temperature, [°C]. The factorsin eq. 1 depend on the
collector design, operating conditions, solar energy and atmospheric temperature. The energy
bal ance equation on the whole collector can written as:

A [HR(t.a) .+ HR(t-a),]=Q, +Q +Q, (2)

Where Q= rate of useful heat transfer to aworking fluid in the solar heat exchanger. Q
= rate of energy losses from the collector to the surroundings. Q. = rate of energy storagein
the collector. Collector efficiency r. isthe collector performance and is defined as the ratio of
useful gain over any time period to the incident solar energy over the same time period.

d
r, =—[Q# (3)
[ HRd,
d’T U, S
- ZL(T-T. - =2 4
dx? Kd( ? UL) (4)

The equation .4 becomes
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d?y 2

dx? (%)
The genera solution is:

x=C, sinh mx +C, cosh mx (6)

The constants C; and C, are found by substituting boundary conditions. Theeq. 6 becomes:

T-T,-S/U_ _ coshmx

= (7)
T,-T,-S/U, Coshm(W—D)
2
The energy conducted to the region of the tube per unit length in the flow direction is
L dm W=D
Q finbase = [S—UL(Tb—Ta)]tanh(T)m (8)

L

The equation. 8 accounts for the energy collected to only one side of atube. The useful gain
of the collector aso includes the energy collected above the tube region. The energy gain for
the region:

4 twe = D[S_UL(Tb_Ta)] (9)

Hence, the total energy gain of the collector tubes per unit length in the flow direction may be
expressed as:

q u= qfinbase + qtube section (10)

Ultimately, the useful gain from the eq. 8 must be transferred into the fluid. The resistance to
heat flow to the tube from the plant due to the wall thickness of the tube. Hence

Tb —Tf
1 1

i+ +
C, pbh, C

du = (11)

w

Where Cy, = the conductance of the bond. C,, = the conductance of the tube wall and hy; =
the local film heat transfer coefficient. The bond conductanceis given as:

K, b

y
Where Ky = bond conductivity, b = bond length and y = bond average thickness. The
useful energy gain of the fluid can then be expressed in terms of the known dimensions, the

C, (12)
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physical parameters and the local fluid temperature by solving the eq.11 for T, and
substituting to obtain g, from eq.10.

g, =WF'[S-U_(T,-T,)] (13)

Where

1/U,

1 1 1 1
e

UL[D+(W-D)F] C, C, pD

Fl

(14)
WI

h,

For temperature distribution in the flow direction, consider the energy balance on the
fluid element flowing through a pipe which is receiving a uniform heat flux q, so that :

m'.Cpr y_m. Cpr |y+dy+Ay1 qu =0 (15)

Driving through by Ay and finding the limit Ay, 0
and substituting in EQ.15.

p

. dT, .
m* C Y ~WF'[S-U (T, -T,)]=0 (16)

If the assumption is made that F* and U, are constant ( and independent of y ) , than the
solution of the differential equation for the temperature at any position (if subject to the
condition that inlet fluid temperatureis Ty ) is:

Tf _Ta -S/U L _ e_(UL WF'y/m"C,)

T,i-T,-S/U,

(17)

If the collector has length L in the flow direction, then the outlet fluid temperature T is found
by substituting L for y in the eq. 17.

To=Ty () [ (T T, oo 17 e .
L L
Where: A. = WL, the area of collector. The total useful energy collection rate Q, may be
expressed as:

Qu =m’ C:p (Tfi _Ta) (19)

Substituting for Ty aready derived, gives:
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Q. =AFg[S-U_(T;-T,) (20)
Where
GC .
.= 5 P1—e ™" '%%) (22)
L

Fr has been termed as the heat removal factor of the collector.
3. Modeling and Design:

The following tables represent steps of the main considerations that tack into account
during modeling flat plate solar collector using EES soft program.

Table 1. Test conditions

State Gr Gy / Gt 0 B T amo V wind R
(W/m?) (%) (deg) | (deg) | (°C) | (m/s) | (%)

A 1000 2 30 30 15 3.5 20
B 1000 2 30 30 25 3.5 20
C 1000 2 30 30 35 3.5 20

Efficiency curves based on temperature difference: Ty - Ta

Table 2. Dimensions of collector

Overall dimensions Absorber dimensions
L (m) W (m) t (m) Lp (M) Wy (m)
291 1.221 0.079 2.4 1.137

Where: L = Length, W= Width (m), t = Thickness (m), L, = Length, W, = Width

Table 3. Properties of glass Cover

Properties of Cover 1 Properties of Cover 2
Solar L ong- wave Solar L ong- wave
Spectrum Spectrum
Number n Tcs &c TcIR n Tcs &c TcIR
of Cover
1 1526 | 0.891| 0.88 0 0 0 0 0
2 1526 | 0.891| 0.88 0 1526 | 0.891 | 0.88 0

Where: d, = Cover- plate air spacing = 1.8 cm, dei1,.2 = Cover 1- cover 2 air spacing = 0.5 cm

Table 4. Properties of Plate material
Plate Material | Ky (w/m.K) tp(cm) | dj €pl
Cu 380 0.02 0.88 | 0.15

Where: Ky, = user defined conductivity, t, = Thickness, d, = Absorptance, g, = Emittance
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Edge and back insulation
Conductivity of edge insulation = 0.04 w/m . K
Conductivity of back insulation = 0.04 w/m . K

Table5. Number and dimension of tube
N; di(cm) d- (cm)
10 1.6 1.8
Where: N;= Number of Tubes, d; = Inner diameter, d- = Outer diameter |, = Tube to Tube

spacing

Table6. Properties of Fluid

Material Composition (%) A\ Pin (KPa) Kp (w/m.K)
(L/min)
Water 0 4.75 200 400

Where: V' = Volumetric flow rate, P, = Inlet pressure, Ky, = Plate tube bond conductance

4. Results and discussion:

The effects of temperature and number of glass cover have great effects on the
instantaneous efficiency of flat plate solar collector. Figure (3), a 15 °C for single cover
glass of flat plate solar collector show that the instantaneous efficiency start from 0.625 and
decrease to 0.25 at AT/GT less than 0.09 m? K/W. As compared with same conditions, but the
flat plate solar collector has double cover glass, figure (6) show the instantaneous efficiency
start from 0.6 a AT/GT equal to 0.01 m? K/W then decrease to 0.3 and match with the
experimental.

Figures (9) and (12) extremely have the same data that obtained during figures (3) and (6),
just decrease in instantaneous efficiency occurred at AT/GT equal to 0.08 m? K/W. The
divergence of data can be detected obvioudy in figure (15), where the instantaneous
efficiency decrease to 0.325 at AT/GT equal to 0.07 m? K/W, while figure (18) show the
instantaneous efficiency of solar collector match with experimental at AT/GT less than 0.07
m® K/W. It is clear from figure (21) the instantaneous efficiency of solar collector start
closely to experimental then divergence between of them reached to maximum value during
increase of AT/GT, in contrast, the opposite behavior can be found in figure (24), where the
small match between instantaneous efficiency and experimental occurred at AT/GT equal to
0.06 m* K/W.

Temperature distribution during solar collector can be observed in figure (5), which is
represent solar collector has single glass cover exposure into 15 °C. The temperature
measured on the glass cover reach in to 49.75 °C and temperature of tube approached to
142.4 °C. For same exposure temperature (i.e 15 °C) on solar collector has double glass
cover, the temperature distribution found to be 42.7 °C on the second glass cover, while
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80.62 °C measured on the first glass cover. The temperature calculated of tube attended in to
157.1 °C asindicated in figure (8), the same behavior of tube temperature as shown in figure
(17) which is represent solar collector has single glass cover exposure in to 35 °C. While
collector has double glass cover exposure into same conditions, so that figure (20) show the
tube temperature found to be equal into 172 °C

Temperature developed in collector exposure in to 25 °C have single and double glass cover
are 150.4 °C and 164.4 °C asindicated in figures (11) and (14) respectively . Extremely small
match of tube temperature as compared with figure (14) can be found in collector has single
glass cover exposure in to 45 °C as shown in figure (23), where the temperature devel oped
about 167.6 °C.

Maximum tube temperature can be found 180 °C, in collector has double cover glass
exposureinto 45 °C.

5. Conclusions:

In general, range of the instantaneous efficiency of flat plate solar collector start from 0.6
and decrease to 0.25 for all physical and geometrical conditions have been used. In this
context, match between the module and experimental has been found clearly at AT/GT less
than 0.07 m? K/W during flat plate solar collector has double glass cover.

Tube temperature of flat plate solar collector has single and double glass cover exposure into

15°C, 25°C, 35 °C and 45 °C respectively are 142.4 °C, 157.1 °C, 150.4°C, 164.4 °C, 158.8
°C, 172 °C, 167.6 °C and maximum tube temperature can be found 180 °C, in collector has
double cover glass exposurein to 45 °C.
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Figure (3) : Instantaneous Efficiency of collector at single glass cover and 15 °C
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Figure (5) : Temperature distribution at single glass cover and 15 °C
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Figure (6) : Instantaneous Efficiency of collector at double glass cover and 15 °C
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Figure (7): Incident Ingle Modifier at double glass cover and 15 °C
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Figure (8) : Temperature distribution at double glass cover and 15 °C

244



NATIONAL RENEWABLE ENERGIES CONFERENCE AND THEIR APPLICATIONS 2013

Ministry of Higher Education and Scientific Research -University of Technology
Energy and Renewable Energies Technology Center

2013 Lgstisdaiy 5aaaialf cABall il gll yaigall

Ton ol o3l Analad) - palad) Cuad) g ladl andasll 30 3 9

Basatal) culbUal) g ABUal) Lia ol 93€5 3 e

— i~ 8+ 3 H(AT/G) + ¥ (ATY/Gy)
0.6}
[
_\-3“'\-\.\_\_\_
e 06| TTTmm.
: e
g 04} e
= T :“r
02r —sge1
—~Fxperiment
0.0 L . . L |
0.02 0.04 0.06 0.08 0.10

AT/GT [mK/W]
Figure (9) : Instantaneous Efficiency of collector at single glass cover and 25 °C
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Figure (10): Incident Ingle Modifier at single glass cover and 25 °C
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Figure (11) : Temperature distribution at single glass cover and 25 °C
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Figure (12) : Instantaneous Efficiency of collector at double glass cover and 25 °C
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Figure (13): Incident Ingle Modifier for at double glass cover and 25 °C
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Figure (14) : Temperature distribution at double glass cover and 25 °C
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Figure (15) : Instantaneous Efficiency of collector at single glass cover and 35 °C
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Figure (16): Incident Ingle Modifier at single glass cover and 35 °C
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Figure (17) : Temperature distribution at single glass cover and 35 °C
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Figure (20) : Temperature distribution at double glass cover and 35 °C
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Figure (23) : Temperature distribution at single glass cover and 45 °C
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Figure (25): Incident Ingle Modifier at double glass cover and 45 °C
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Figure (26) : Temperature distribution at double glass cover and 45 °C

250



NATIONAL RENEWABLE ENERGIES CONFERENCE AND THEIR APPLICATIONS 2013
Ministry of Higher Education and Scientific Research -University of Technology
Energy and Renewable Energies Technology Center
2013 gkl s Sasaal) cilBUall i sl) jaipal)
Lo 360 Aaalad) - calal) Ciadl g Mlad) asdall 305
Sasaiall culBual) g dBUal) L ¢ 385 38 ja

The Investigation of Effect Dust on the Perfor mance of Solar
Collectorswith Different Area

Mohammed Ali Fayad Ayad M. Salman Haider S. Mahde
L ecturer L ecturer Assist. Lecturer

Energy and Renewable Energies Technology Center
University of Technology

Abstract

According to the increasing work in the field of renewable energy particularly solar

energy to replace the traditional energy sources, therefore we have to think about the
protection and maintenance of these renewable energies aslong as possible.
Reaching for studying the use of two types of solar collectorflat plate collector, tested and
examined under the same climatic conditions of Iraq for months January and February, and
hours of operation of the system starts at eight in the morning until four o'clock pm, the first
type vacant surface of the dust and the second type contains dust, which reduce the
absorption of sunlight. I've been in this research to calculate the effect of dust on the solar
collector and note the difference on the performance of solar collector and evaluate its
performance through the results. The study proved the accuracy and convergence of results
with many of the results of previously published study showed that the solar collector vacant
from dust gives better performance compared with the solar collector, which contains dust.
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Nomenclature
Symbols Definition Units
Ac Areaof solar collector m’
Co Specific heat of water Jkg.cC
D Externa diameter of tube m
D Internal diameter of tube m
F Factor of solar collector -
F1 Efficiency factor of solar collector -
P Wind heat transfer coefficient W/m?.°C
h Heat transfer coefficient between fluid and internal tube ~ W/m?.°C
wall
L Length tube of solar collector m
m Mass flow rate of water kg/sec
N Number of riser -
n Number of glass covers -
Qcall Solar energy collected W
QcLoss Energy lost from the solar collector to the environment W
Qstor Energy stored in the tank W
R Ratio of total solar radiation -
S Solar energy absorbed W
S Inclination angle of the solar collector degree
t Time hr
Ta Air temperature °C
Ts; Inlet water temperature from solar collector °C
Tio Outlet water temperature from solar collector °C
Ttm Mean external temperature from solar collector °C
Tom absorbed plate mean temperature °C
Tp Temperature of absorbed plate K
Ts Temperature of water tank °C
UL Coefficient of thermal losses from solar collector W/m?.°C
U, Up, Ue  Coefficient of thermal losses from the upper and lower W/m?.°C
surface and behind solar collector
W Distance between centers of two tubes m
Ncoll Efficiency of solar collector %
€ Permeability coefficient -
Or Reflection coefficient =
T Emission factor -
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1. INTRODUCTION

Solar water heating systems require relatively little attention. But, as with any thermal
system, some basic maintenance is essential to keep the system functioning smoothly. The
systems should be checked periodically to improve collector efficiency. Renewable energy
and energy efficiency offer the prospect for a sustainable energy future with important links
to the past. The Role of Maintenance is improvement of performance and to obtain the
highest durability and reliability, al solar water heaters require some level of maintenance.
Unfortunately, most owners do not attend to the maintenance needs of their systems as they
should.[1]. Solar water heaters most of the time are called “domestic hot water systems”.
These systems use the solar radiation heat either water or a heat transfer fluid, such as water-
glycol antifreeze mixture in collectors generally mounted on the roof. The heated water is
then stored in storage tank. The systems should be checked periodically by maintenance to
improve solar heating efficiency, [2]. [close 1962], Has presented a mathematical model for
prediction the system temperature and water mass flow rate of a natural circulation solar
water heater for clear sunny days and no drain-off during the day,[3]. [Phillips and Cook
1975] Studied the natural circulation from a flat plate collector to a hot liquid storage tank
experimentally and analytically. The absorber plate served as a conduit for the water flowing
from the collector to the storage tank. The results were presented for both the experimenta
and theoretical investigation in terms of dimensionless parameters which were said to be
useful in system design in the prediction of system performance. The cases of both a fully
mixed and a fully stratified tank were considered theoretically and the experimenta
measurements were found to be closer to the stratified case[4]. [Thomas. Mueller,2002]
Described manual for all maintenance involved in the operation, inspection, repair and
maintenance of liquid solar heating system. The manual is designed to be used in the field by
the personal performing. Thus increasing life time and reducing maintenance costs,[5].
[Nimmo et.al. 1978] Presented an analytical and experimental study of a solar water heater
under a forced circulation condition. The mathematical model was presented to predict the
performance of solar water heaters for which the meteorological data and draw off of hot
water from the storage tank at arbitrary times during the day would be available at 15 minute
intervals,[6]. [C.L. Gupta and H.P. Garg 1986 ], developed a computer model for thermal
performance of domestic solar water heaters which employed thermosyphon circulation
between collector and storage tank also they showed that, reducing the elevation of the
storage tank reduces the water flow rate[7]. [Antonis.M.Psarompas, 2001], studied and

253



NATIONAL RENEWABLE ENERGIES CONFERENCE AND THEIR APPLICATIONS 2013
Ministry of Higher Education and Scientific Research -University of Technology
Energy and Renewable Energies Technology Center
2013 gkl s Sasaal) cilBUall i sl) jaipal)
Lo 360 Aaalad) - calal) Ciadl g Mlad) asdall 305
Sasaiall culBual) g dBUal) L ¢ 385 38 ja

measured the water temperature distributions along the solar collector tubes, absorber plate
temperature profiles at various location along the collector, [8].

2. Flat-Plate Solar Collectors

Flat-plate solar collector can collect all components of the sun’s energy. Flat-plate types
are the most-used type of collectors. The typical flat-plate collector consists of a black
absorber plate with tubes running through or attached to it to take the collected heat away.
Above this surface is a glazing, usually glass, to help trap the heat. Insulation surrounds the
absorber to retard the loss of heat from the collector. A typical flat plate collector system is
shown in figure (1), [9].

Inlet connection Glazing frame

Glazing cover gasket
Header

-
g

Grommets

Enclosure
Flow tubes

Fig. 1. Schematic representation of atypical flat plate collector [9].

2.1 Cleaning Glazing:

The cleaning of the glazing should be done by regular maintenance, if the rain or snow
is not enough to clean it. The maintenance procedure should ensure keeping the collector
cover clean; dirt reduces the amount of radiation that can reach the collector. The frequency
of cleaning will depend on the degree of atmospheric pollution.

3. Effect of Dust on the Solar Collector:

The effect of dust on the performance of the flat plate collectors is determined in terms
of comparisons between collectors which have accumulated dust and clear collectors. The
dust accumulated on the transparent cover decreases the transmission of radiation and thus
decrease the useful energy received from collectors. The effect on instantaneous efficiency,
useful collector heat flux, temperature rise across the collector and mean storage tank water
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temperature. The average percentage reduction of the useful heat is about 12.5 % for
collectors with dust accumulation of one month. This valuesis obtained as follows:
Percentage reduction of useful heat for each hour

(Qu ) Without dust — (Q,,, ) with dust

(Qcoll ) \NIthOUt dUSt

Then averaging this value over the hours of the day [10]. The dust accumulated on the flat
plate collector as shown in figure (2).

Figure (2) flat plate collector cover is contains dust [10].

4. Theoretical Mathematical Calculation of Solar Collector.

For a basic flat plate collector, the energy balance involving the distribution of incident
solar energy can be represented as [2, 11]:

Qcoll. :A\:Fr[S_UI(Tpm_Ta)] (1)
Where;

Tom : Mean temperature absorbed plate of solar col lector(C°)

Ta: isthe air temperature.

The absorber solar radiation energy by solar collector can expressed by :

_HRt,(1-d)1-2)
B 3.6

S

Where;
H: total solar radiation (kj/m?.h)

(2)
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R=KbRb+Kb(1+%(s)]+rr(l_cT°S(s)J ©)

Where,

d isthe factor takes into account the impact of dust on the glass cover.

z factor effect of the compound the edge of the solar collector on the absorber plate.

Ky, kg represent the proportion of the direct radiation to total radiation and the proportion of

scattered radiation to total radiation respectively.
To calculate the emission factor ig[4].

t,=(@,xt,x..t,)xa,x(0.395) (4)

The main temperature of absorber plate is calculated by :

Tp,m =Tf,m +QCO|| Rp_f (5)
The collector heat removal factor is[12]:
GC o
Foe plle } ®
U L
Where;

Cp : specific heat at constant pressure.
G : flow rate per unit area of collector.

The collector efficiency factor (F1) is constant for any collector design and fluid flow rate.

The collector efficiency factor can be determining by:
1

u, (7)
1 1 1
w U,[D+(W—D)F]+hiAi C,

Fl=

Where;
F : Efficiency factor of solar collector
hi :inside heat transfer coefficient between the fluid and inside area .

Cyp: bond conductance.
W, D can be explained in figure:

W

W-D/2 D

v

Fig. (3). Explain the distance and diameter of tubes.
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The bond conductance is calculated by:

K,b
g
Where,
b = isthe thickness of welding line
K= conductivity thermal coefficient (400kW/m.°C)
For the purpose of calculating the overall heat |oss coefficient of the solar collector is used

the following equation:
U, =U,+U,+U, 9)

C, = (8)

To calculate the coefficient heat loss from the upper surface of the solar collector is using the
following formula:
U,(s)=(1-(s-45)(0.00259 —0.00144 e, )}J,(45) (10)

_ N R
0en [(344/Tp)[(Tp ~T)/IN+ )% hwj
S (TP +T, )(TPZ + Taz)

[ep +0.0425 N(1-e,)] ' +[(2N + f -1)/e, |- N (D

f =(L.0-0.04h, +5.0x10h2 1+ 0.058N)

h,=5.7+3.8V

To calculate the coefficient of thermal |osses from the lower surface and sides of solar

collector, as the sides of solar collector isolated the same material, Uy, Ue becomes as;

U, =— (12)

K

L
(13)

K

U,= —Ae

Ac
Where,
K= Heat conductivity

L = Length tube of solar collector
Qu could be written it be following in form

Qu:mcp(tfo_tfi) (14)
tro ,lri arethe outlet water temperature and inlet water temperature.
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To calculate the energy drawn from the heat tank and the thermal heat |osses from the tank is
by using the two equations respectively ,the following:

T, + T,
-T, ...(15)

Quun - <UA>S[

the solar energy collected is calculated by using the following equation

Oaor = mst(Tfo _Ts) (16)

The temperature of the water outside from solar collector is calculated from following
equation:

Ty =T, +[;CA‘ j(S—UL(Tﬁ -T,)) (17)

p

the mean fluid temperature can be found by:

Q.

AC
m=Lg +
U F

Fr
t -7 (18)

r

The collector heat removal factor is:

rooS G [1eec"1 (19)

Where;
Cp : specific heat at constant pressure.
G : flow rate per unit area of collector.

Solar collector efficiency gives the collector performance, which isthe ratio of the useful
energy gain to the incident solar energy and is expressed as [13]:

h coll . hour = (% ) 100 % (20)

C

Where; Nnour : iSthe hourly solar collector efficiency.
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5. Results and Discussion
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Figure (13) Changein efficiency of solar collector through January
and February month.

The gathering dust on the surface glass of the solar collector have negative effect on the
efficiency because reduce the amount of radiation of the window to the absorber surface. The
succeeding of the system depend on the performance of flat plate collector .

Figures (1 and 2) We note that the effect dust on the solar collector, when dust increase the
temperature of solar collector decrease because. Figures (3 and 4) show the measured
temperature with local time of storage tank, the temperature decrease with dust because the
temperature of solar collector decrease.

Figures (5 and 6) show the equivalent the temperature of absorbed plate against time with
and without dust, when the dust increased the temperature of absorbed plate decreased
because exiguity absorbed solar radiation.

Figures (7, 8,9 and 10) Explain solar energy collected in flat plate collector and energy stored
in the tank, these parameter change with local time. The energy decreased when the collector
iscontaining in dust.

Figures (11 and 12) shows the Energy lost from the solar collector to the environment with
dust. Figure (13) explain the change in efficiency through January and February month for
solar collector.
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6. Conclusion:
The following conclusions may be concluded:

1-This research indicates that maintenance mechanism could be applied successfully in Irag
to keep the solar system as much as reliable. The succeeding of the system depend on the

performance of flat plate collector.
2-The efficiency of solar collector is decreasing with the dust increasing.

3. To keep on efficiency of solar collector must be use the proper maintenance mechanism

and regularly periodic.
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EFFECT OF DIFFERENT METHODS BONDING BETWEEN
ABSORBER PLATE AND TUBESFOR FLAT PLATE SOLAR
COLLECTOR ON EFFICIENCY FACTOR

Ass.Prof Dr.Saad T. Hamidi
Energy & Renewable Energies Technology Center
University of Technology

ABSTRACT

The present work involves a theoretical study to investigate the effect of deferens’s
methods joint between absorber plate and tubes for flat plate solar collector on efficiency
factor. The solution procedure is performed three type flat plate collector used three types
bonding absorber plate with riser tubes (Absorber plate-tube upper bond configuration,
Absorber plate-tube side bond configuration and Absorber plate —tube lower bond
configuration) with different distance between riser tubes. The anaysis of mathematical
model and solved using collector program. The results at the same defined dimensions and
parameters for the solar collector shows that the maximum values of (efficiency factor is
0.963, efficiency removal factor is 0.945 and absorber temperature is 57.7 C) at Absorber—
tube side bond configuration. From the results can be said that the Absorber — tube side bond
configuration is better.

Keywords: Solar energy, Flat plate collector, Material, Absorber, Solar heating
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NOMENCLATURE

Symbols  Definition Units
Ac Area of solar collector m?

Co Welding thermal conductivity W/m.°C
Co Specific heat of water Jkg.°C
D External diameter of tube m

D Internal diameter of tube m

Fr Removal factor of solar collector -

F’ Efficiency factor of solar collector -

G Mass flow per unit area kg/sec.m?
b Wind heat transfer coefficient W/nm?.°C
h Heat transfer coefficient between fluid and internal tube wall W/m?.°C
H solar radiation incident on horizontal surface W/m?
Hr solar radiation incident on the solar collector W/m?

K Thermal conductivity W/m.°C
L Riser length m

m Mass flow rate of water kg/sec
m, Mass flow rate of water passing through the solar collector kg/sec
m, Load water flow rate kg/sec
Ms Mass of water in the tank kg/m?

N Number of glass covers -

n Number of risers -

Qcall Solar energy collector W

QLoad Thermal energy drawn from the thermal tank w
QcLoss Energy lost from the solar collector to the environment W

Qstor Energy stored in the tank w

R Ratio of total solar radiation -

S Solar energy absorbed w

S Inclination angle of the solar collector degree

t Time hr

Ta Air temperature °C

Ts; Inlet water temperature tor solar collector °C

Tio Outlet water temperature from solar collector °C

Tim Mean external temperature from solar collector °C

Tom absorber plate mean temperature °C

Tp Temperature of absorbed plate °C

Ts Temperature of water tank °C

Ta Temperature of water tank at the beginning of hour °C

Te Temperature of water tank at the end of hour °C
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1. INTRODUCTION

Today, solar heating is becoming more important than ever before. Natural gas and oil
which are burned to heat our homes and water are limited. As reserves of gas and oil shrink,
these fuels become more expensive. If more people began using solar heating systems, fossi
fuels such as oil and gas would become less expensive and last longer. Burning natural gas
and oil in our heating systems also causes air pollution. So if more people used solar energy
to heat the air and water in their homes, our environment would be cleaner . Solar energy
collectors are special kind of heat exchangers that transform solar radiation energy to internal
energy of the transport medium. The magor component of any solar system is the solar
collector.. Kalogirou [1] developed six ANN models for the prediction of standard
performance collector equations coefficients, wind and no-wind conditions, the incident angle
modifier coefficients at longitudinal and transverse directions, the collector time constant, the
collector stagnation temperature and the collector capacity were considered. The study based
on a steady-state operation conditions. The thermal performance of flat-plate solar collector is
strongly related to the
flow distribution through the absorber tubes, Fan et a. [2] investigated experimentally and
theoretically the flow and temperature distribution in a solar collector panel with an absorber
consisting of horizontally inclined fins. Numericaly, the flow and heat transfer in the
collector panel were studied by the means of CFD calculations. Experimentally, the flow
distribution through the absorber evaluated by means of temperature measurements on the
backside of the absorber tubes. Their results showed a good agreement between the CFD
results and the experimental data at high flow rates. However for small flow rates, large
differences appeared between the computed and measured temperatures. This disagreement is
most likely due to the oversimplification of the solar collector model. Augustus and Kumar
[3] developed mathematica model to predict the thermal performance of an unglazed
transpired collector, aso known as perforated collector- a new development in the solar
collector technology. But there is a host of literature on glazed solar collectors. Sopian et al.
[4] conducted an experimenta study on the thermal performance of a non-metallic unglazed
solar water heater integrated with a storage system. Gorla [5] performed an analysis based
upon the two-dimensional finite element method to characterize the performance of solar
collectors. Selmi et a. [6] performed a CFD simulation of flat plate solar energy collector
with water flow. The CFD model was validated with experimental results. Janjai et a. [7]
developed a mathematical model for simulating the performance of a large area plastic solar
Collector. Lecoeuche and Lalot [8] applied neural network technique to predict the thermal
performance of asolar flat plate collector.

The objective of the present work is the influence of the different bonding absorber plate
with riser tubes for flat plate solar collector and investigation these affect on efficiency factor,
efficiency removal factor ,absorber temperature and mean water temperature .Used three
types bonding absorber plate with riser tubes (upper, side and lower bond) with different
distance between riser tubes . We analyzed and calculated the mathematical model using
Kolektor program to solved the model under defined dimensions and parameters for flat-
plate solar collector.
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2. THEORETICAL MODELING
The thermal performance of the solar collector water heating system can be described by
the energy balances on the collector absorber plate and the water in the collector flow tubes.
The following assumptions are made in order to ssimplify the thermal analysis of the system
in devel oping the steady state model [9]
collector performance is under steady state conditions
- flow tubes are paradlel to each other and temperature gradients around tubes are
negligible
- the temperature drop between the top and bottom of the collector absorber plate and
glazing is negligible
- heat flow is one dimensional through the covers as well as through the back insulation
- thermo-physical properties of the materials are independent of temperature
heat |oss from the front and back of the absorber are to the same ambient temperature
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Figure 1. Absorber plate and tube

Consider the absorber plate with tube configuration as shown in Figure 1. The distance
between the tubes is W, the tube diameter is D, and the absorber plate thicknessis d. Base on
the above assumptions, the plate above the bond is at some local based temperature, Ty,. The
region between the centerline separating the tubes and the tube base can then be considered
asaclassical fin problem. Thefin of length (W-D)/2 is shown in Figure 2.

T 4///

I
s 'Ld
. - [ ]
(W — D)2

- e |

Figure 2. Fin element

and an elemental region of width dx for a unit length in the flow direction is shown in Figure

3. Srepresents at | , the absorbed solar energy per unit area (W/m2).
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Figure 3. Energy balance on fin element

An energy balance on this element yield:

SAx+U dx(T, —T) + (-kd OI—T)|X —(~kd d—T)|X+dX =0
dx dx (1)

Dividing through by dx and finding the limit as dx approaches zero yields:

d’T U
dx? kd

S
T-T,->)
( U, 2)

The two boundary conditions necessary for this second order differential equation are
symmetry at the centerline and known root temperatures [9]:
dT|

_X x=0 — Oand T x=0N—D)/2:Tb (3)
If we define
e 2 Ye
kd (4)
and
y =T-T,- S
Yo (5)
Eq. (2) becomes
dzyz -m*=0
dx (6)
which has the boundary conditions
d S
d_);( x=0 0 and Y [ xw-p)2= Tb _Ta 1
) (7)
The general solution isthen
y =C,sinhmx+ C, coshmx (8)

The first boundary yield C1=0 ,and the second boundary condition yields :
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y :Tb—Ta—izczcoshmx
Ue or

oS
U

L

C =
> coshm(W -D)/2

The constant C1 and C2 can be found by substituting the boundary conditions Eq. (7) into the
general solution, Eqg. (8). Theresults are:

ToT. -S>
u. cosh mx
Tb_.l.a_i coshm(W - D)/2
U ©)

This equation gives the temperature distribution in the x-direction at any givey.

The energy conducted to the region of the tube per unit of length in the flow direction can
be found by evaluating Fourier’s law at the fin base [9].

dT
U = _kd& x=(w-D)/2
0y = 'ﬁ'm[s—uL(Tb _T.)]tanhm(W — D) /2
L (10)

Eq. (10) account for the energy collected on only one side of a tube; therefore, for both sides
and substitution of Eq. (4), the energy collection is

tanhm(W - D)/2
fb = -D S_UL b~ Ta
Gy =W =D)S-U, (T, ~T)I= 0= .

It is convenient to use the concept of afin efficiency to rewrite Eq. (11) as

Ay =W-D)F[S-U (T, -T,)] (12

F tanhmW - D) /2
The function “F’ is the standard fin efficiency for straight fins with rectangular profile. The
useful gain of the collector also includes the energy collected above the tube region. The

energy gain for the tuberegionis
g, =D[S-U_ (T, -T,)]

(14)
Accordingly, the useful gain for the collector per unit of length in the flow direction becomes:
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Qu =dn + G
d, =[W-D)F +D][S-U (T, -T,)] (15)

The useful gain from Eq. (15) must be transferred to the fluid. The resistance to heat flow to
the fluid results from the bond and the fluid to tube resistance [9]. The useful gain can be
expressed in terms of these two resistances as.

Tb _Tf
qu - 1

1
+ R
hqpD; G, (16)

where D; is the inside tube diameter and hy; is the heat transfer coefficient between the fluid
and the tube wall. The bond conductance, C;, can be expressed as[9]:

c, - kb

X (17)

The bond conductance can be very important in accurately describing the collector
performance and generaly, it is necessary to have good metal-metal contact so that the bond
conductance is greater that 30 W/mK and preferably the tube should be welded to the fin. Ty,
can be eliminated from consideration in order to obtain an expression for the useful gain in
terms of known dimensions, physical parameters, and the local fluid temperature. Solving Eq.
(16) for Ty, substituting it into Eq. (15), and solving the result for the useful gain per unit
length, we obtain:

dy :VVF,[S_UL(Tfi _Ta)] (18)

where F is the collector efficiency factor and is given by

Different absorber configurations result in appropriate equations.
1. Upper bond of absorber to riser pipes the efficiency factor is given as

Figure 4. Upper bond absorber plate with riser tubes
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1
U
F'= L
WI[ 1 +i+ 1 ]
UJ[D+W-D)F C, pDh; (19)

2. Middle bond of absorber to riser pipes the efficiency factor is given as

Figure 5. Side bond absorber plate with riser tubes

1

[ UL
F = 1 1
W[ + ]
U [D+W-D)F pDh, (20)

3. Lower bond of absorber to riser pipes the efficiency factor is given as

W .

D

b

a
Figure 6. Lower bond absorber plate with riser tubes
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F'=

WU, 1

pD; h; B+ 1

wiwg,w
C, W-D)F (21)

If collector has a length ‘L’ in the flow direction and the number of tubes in the collector is
‘n’ then the heat gained by the collector (Qc) is found by multiplying Eq.(18) by Ln:

Qc =WLn F’[S_UL(Tﬁ _Ta)]

or
Qc =Ac F’[S_UL(Tfi _Ta)]

where, Ac = WLn, thetotal collector area (m?2).

The useful energy gained by fluid flowing in the collector tubes (Qu) is obtained by
multiplying Eqg. (20) by the collector flow factor (F ) [10]:

(22)

QU :AC F'F”[S_UL(Tfi _Ta)] (23)

The collector heat removal factor (Fg) is the product of collector efficiency factor (F) and
collector flow factor (Fr), therefore, EQ. (21) can be written as:

QU :AC FR[S_UL(Tfi _Ta)] (24)

The overall heat loss coefficient is a complicated function of the collector construction and its
operating conditions[11,12] , given by the following expression

UL:Ut +Ub+Ue (25)

To caculate the coefficient of thermal losses from the lower surface and sides of solar
collector, as the sides of solar collector isolated the same material, U, , Ue becomes as:

_K
b (26)
0 :( N L1 ]‘: 27)
CL BT T -T)IN+ )P+ h,
s (T, +T,)T2+T2)

[es +0.0425N(1-€,)] " +|(2N + f ~1)/e, |-N

271



NATIONAL RENEWABLE ENERGIES CONFERENCE AND THEIR APPLICATIONS 2013
Ministry of Higher Education and Scientific Research -University of Technology
Energy and Renewable Energies Technology Center
2013 Lgstisdaiy 5aaaialf cABall il gll yaigall
Ton ol o3l Analad) - palad) Cuad) g ladl andasll 30 3 9
Basatal) culbUal) g ABUal) Lia ol 93€5 3 e

f =(1.0-0.04, +5.0x10*h? |1+ 0.058N)

h,=5.7+3.8V

The specification of the flat plate collector is summarized in Table (1).

Fluid temperature 25C

Solar irradiation 800 Watt/m?2
Ambient temperature 20C
Relative humidity 50%

Wind speed 2m/s
Collector slope 45 degree
Gross height of collector 2m

Gross width of collector 1m

Gross area of collector 2m
Absorber glazing gap thickness 20 mm
Glass thickness 4 mm
Normal solar transmittances of glass 0.92
Normal solar reflectance of glass 0.06
External and internal surface emissive of glass 0.85
Thermal conductivity 0.8 W/mK
Thermal conductivity of cooper tube material 390 W/mK
Length of riser tube 2m
Number of riser tube 5-12
Distance between riser tubes 83-200 mm
Tube external diameter 10 mm
Tube internal diameter 8 mm
Average bond width 3 mm
Average bond thickness 3mm
Bond thermal conductivity 300 W/mK
Bond thermal conductance 300 W.mK
Collector mass flow rate 0.04 Kg/s

3. RESULTSAND DISSCUSION

- Figure 7. Show influence of distance between riser tubes (80-200 mm) on efficiency factor
with different bond absorber plate with riser tubes (upper ,middle and lower bonds) .Its notes
the values for efficiency factor at upper bond absorber plate with riser tubes between (0.847-
0.962), middle bond (0.848-0.963) and lower bond (0.847-0.962), also the results indication
that the efficiency factor decreasing with increasing distance between riser tubs.

- Figure 8. Show influence of distance between riser tubes (80-200 mm) on efficiency heat
removal factor with different bond absorber plate with riser tubes (upper ,middie and lower
bonds) .1ts notes the values for efficiency factor at upper bond absorber plate with riser tubes
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between (0.820-0.938), middle bond (0.833-0.945) and lower bond (0.831-0.944), aso the
results indication that the efficiency heat removal factor decreasing with increasing distance
between riser tubs.

- Figure 9. Show influence of distance between riser tubes (80-200 mm) on absorber
temperature with different bond absorber plate with riser tubes (upper ,middle and lower
bonds) .Its notes the values for absorber temperature at upper bond absorber plate with riser
tubes between (37.4-57.69 C), middle bond (36.15-56.65 C) and lower bond (36.28-55.89 C),
also the results indication that the absorber temperature increasing with increasing distance
between riser tubs.

4. CONCLUSION

- From the results can be say that the side absorber plate with riser tubes is better than
upper and lower bond for efficiency factor , efficiency removal factor , and the absorber
temperature.
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Numerical Assessment of Thermal Energy and Flow of Nanofluidsin
a Horizontal and an Inclined Tube Filled with a Porous M edium
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Abstract

Porous media have considerable importance in improvement of thermal energy and
storage. This research include theoretical study of mixed convection heat transfer of flow
through a horizontal and an inclined tube filled with a porous medium by using nanofluids.
The theoretical study includes the derivation of governing equations for the flow and heat
transfer through porous media employing the Darcy flow model under condition of applying
uniform heat flux on the tube. One type of filling material were used as porous medium glass
beads (dp=8mm). The energy equation was first solved using (ADI) method, and then the
momentum equations and continuity equation were combined as the pressure correction
formula and solved by the simple agorithm. The numerical results represented by a stream
function  contours, isotherms for different values of Rayleigh  number
(Ra=10°10° 10°%),volume fraction(® =1,2.5 and 5% vol), type of nanofluid, tube angles of
inclinations (a =30°,60° and 90°) and peclet number (Pe=10) as well as the change of average
Nussult number with Rayleigh number, volume fraction, type of the nanofluid. The numerical
results show that the effect of natural convection appears at the region from the start of the
tube. Results reveal also that the nanoparticles concentration does not have significant effect
on the secondary flow, the distribution and development of the velocities of tangential and
radial component of the secondary flow ,on the peripherally average skin friction coefficient
and on the porous media. As well as the average of the heat transfer increasing significantly
by increases of the particle volume fraction and Rayleigh number. Also, the type of nanofluid
is akey factor for heat transfer enhancement where the high values are obtained when using
Ag, Cu, and TiO, nanoparticles respectively (55%,37%,22%). Moreover Nussult ratio factor
are used to indicated the flow field and the heat transfer inside the tube.

Key wards: Nanofluid, NUR factor, Porous medium, and nanoparticles.
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NOMENCLATURE
Symbol Name Unit
r radius of tube m
Pe Peclet number -
Cp, Specific heat of nanofluid at constant pressure kJ/kg.k
g Gravity acceleration m/s’
G Dimensionless gravity acceleration -
h Heat transfer coefficient W/m?.k
p Pressure N/m?
R @,Z Dimensionless cylindrical coordinates -
Nu Nusselt number -
S Relaxation factor -
t Temperature °Cc
U, Radial velocity component ( r) m/s
Vi Tangential velocity component (f ) m/s
wW Axial velocity component (z) m/s
Knf Thermal conductivity of the nanofluid W/m.k
P Dimensionless pressures -

276



NATIONAL RENEWABLE ENERGIES CONFERENCE AND THEIR APPLICATIONS 2013
Ministry of Higher Education and Scientific Research -University of Technology
Energy and Renewable Energies Technology Center
2013 Lgilipdiy Baaaiall clBall o gl) paligall
Ton gl g3l Analad) - alal) uadl g Mal) adail) 3 )5
Sadadall clual) g 48Uall L o) 9383 38 e

Prnt Prandtl number for Nano fluid -
Pz Dimensionless pressure drop -
dp Particle diameter nm
ADI Alternating direction implicit -
Creak Symbols
a Angle of inclination of tube degree
a, Thermal diffusivity of the nanoluid m?/s
b Thermal Expansion Coefficient of the nanofluid /K
Mnf Dynamic viscosity of the nanofluid Kg/m.s
Vi Kinematic viscosity of the nanofluid mé/s
Pri Density of the nanofluid kg/m®
Q Vorticity s
Y Stream function me/s
P Volume fraction Vol%
Superscript
mt Number of radia pointsin the numerical mesh network
nt Number of tangential pointsin the numerical mesh network
S Solid
w wall

1.Introduction

Nanofluid, a name conceived by Choi [1] in Argonne Nationa laboratory, are fluids
consisting of solid nanoparticles with size less than 100nm suspended with solid volume
fraction typicaly less than 4%. Nanofluid can enhance heat transfer performance compared
to pure liquids. Nanofluids can be used to improve therma management system in many
engineering application such as transportation, micromechanics and instrument, HVAC
system and cooling devices. Recently, many investigators studied nanofluid convective heat
transfer in different geometry both numerically and experimentally (Maiga et a. [2]; Heris et
a. [3]; Duangthongsuk andWongwises [4]; Santra et a.[5]; Nguyen et al. [6]. For numerical
simulation, two approaches have been adopted in the literature to investigate the heat transfer
characteristics of nanofluids, single phase model and two phase model. Another approach is
to adopt the Boltzmann theory Wang and Mujumdar [7]. In single phase model, a uniform
volume fraction distribution is assumed for nanofluids. In other words, the viscosity and
thermal conductivity of nanofluids are formulated by volume fraction and nanoparticle size
then continuity, momentum and energy equations are solved for nanofluids. In two phase
model, the volume fraction distribution equation is added to other conservation equations.
Manyinvestors used single and two phase models for investigating the flow and heat transfer
of nanofluids Behzadmehr et a. [8]; Lee and Mudawar [9]; Mirmasoumi and Behzadmehr
[10]. Buongiorno [11] introduced seven slip mechanisms between nanoparticles and the base
fluid. He showed that the Brownian motion (movement of nanoparticles from high
concentration site) and thermophoresis (movement of nanoparticles from the high
temperature site to the low temperature site) have effected significantly in the laminar forced
convection of nanofluids. Based on this finding, he developed non-homogeneous two —
component equations in nanofluids. Heyhat and Kowsary [12] used Buongiorno’s equations
for investigating the effect of particles migration on flowand convective heat transfer of
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nanofluids flowing through the circular pipe. Results show that the non-uniform distribution
leads to a higher heat transfer coefficient while the wall shear stress is decreased. Therefore,
the particle migration can play an important role in improvement of the heat transfer
coefficient in convective heat transfer in nanofluids.
In recent papers, written by Kuznetsov and Nield [13 — 15], the Buongiorno’s model was
applied to the Horton—-Rogres — Lapwood problem (the onset of convention in a horizontal
layer of a porous medium uniformly heated from below). Both Brownian motion and
thermophoresis give rise to cross-diffusion terms that are in some way anaogous to the
familiar Sort and Dufour cross-diffusion terms that arise with a binary fluid. Nield and
Kuznetsov [16] introduced an analytical treatment of double-diffusive natural convection
boundary layer flow in a porous medium saturated by nanofluid. They used the Buongiorno’s
eguation for modeling the nanofluid and Darcy model for porous medium. The result showed
adecrease in the reduced Nusselt number associated with an increase in the thickness of the
thermal boundary layer an increase in Brownian motion parameter, buoyancy ratio,
thermophoresis parameter, modified Dufour parameter, and a decrease in regular buoyancy
ratio. The analytical treatment of double-diffusive natural convection boundary layer flow of
a nanofluid past a vertica plate was also studied by Kuznetsov and Nield [17].
Investigation of mixed convective heat transfer of nanofluidsin an horizontal and an inclined
a porous tube has not been considered completely in the literature and this challenge is
generaly considered to be an open research topic that may require more study.

The aim of this study is to investigate the effects of nanoparticle concentration on
therma energy and flow of nanofluids in a horizontal and an inclined tube filled with a

Porous medium.

2. Problem Description and Gover ning Equation

The theoretical analysis current is derivation of governing equations the flow of
nanofluids in circular tube section and filled with porous media (consist of glass beads (dp=8
mm). This analysis adopted Darcy model to find a governing equations [18], which is
assumed the homogeneous Porous media and symmetric (Isotropic), any that the properties of
the porous media such as porosity and thermal conductivity coefficient does not depend on
the direction and solid materia in thermal equilibrium with nanofluid passing through at any
point within the porous media and Reynolds number localized calculated on the basis of
mean velocity through the Porous media and particle diameter does not exceed (10).

Figure (1) as shows the nanofluid enter the tube with uniform velocity (w;) and
temperature (tj) with assuming the components velocity in the direction (r, f ,2) is (uy, W, ®)
respectively Based on the assumptions above, the equations of conservation of mass,
momentum and energy flow in hydro dynamic and fully developing cylinder coordinates can
be written as follows.

Continuity Equation

10 10 0w
Fa(r Ur)+?a—f(ut)+g—o (1)
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Momentum Equation

According to the Darcy law done neglected non — Darcy effects which including the
inertia force effect, boundary effect, channeling effect ,thermal diffusion and assumed an
inclined angle of the tube (a) from horizontal axis. according to the assumptions mentioned

the velocities componentsin cylindrical coordinate as follows:

u =_—k(@—ngosf Cosaj (2)
r v 0
-k
ut=— —+ngosf Sina 3
p o\ of
k
u)_—(—+pg Smf) 4)
M oz

Energy Equation

ot
- a -
0 0z € ror

ot 1a(rg]+iazt Nas -
or) 2 2

'[ ot
+——+W0—

The properties of nanofluid (fluid containing suspended nanoparticles) are defined as follows:

Effective thermal conductivity [19]
Ky [k +(n=2k, - (n-1)k, k)@} ©

ki | k+(n=2k, +(k, —k)q>
Where n is a shape factor and equal to 3 for spherical nano particles.
Thermal diffusivity [20].

knf
" =) C), = (1 G, )

Thermal expansion coefficient [21].

b — 1 b 1 (8)
o = '1 @-®)yb, ,, @ 1,
’ @r (1_q))rf

S

Specific heat [21].
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(1-@)r Cp), +@(r Cp),

Cpy = 9
P 1-®)r, +@r ®)

Effective viscosity [22].

m, = [1230% +7.30 +1] (10)

3. Boundary Conditions

The B.C of the model is derived based on the Darcy model . It is assumed that the
boundaries dlip with a symmetry about the vertical axis of the tube.

oT oT oT
—@f,2)=05 ,—-(R0,2)=0 ,—(Rp,Z)=0
= &2 5 (RO.2) 5 (Rp.2)

Inlet (Z2=0), T(Rf,0=0

9% _ _
E(R,O,Z)—O y(R,p,Z)—O

oy _ _
R (RP.2D=0  y(R02)=0

4. Grid Testing and Code Validation

Basicaly, the flow region associated with the polar coordinates (R, f ) isdivided into a
grid network which contains the following dimensions ARx Af for one division. Figure (2)
shows nodes divided on aregular basis in the tangential direction f whileirregularly divided

radial direction (R) where the nodes focused and be close more near to the surface of the
tube. These nodes focused at the wall using the zoom factor (&) and where each partition in
theradial direction (R) from the center of the tube can be calculated as follows:

AR.; =dAR (12)
Selected value (6 = 0.95) [23], which is generally used to give the desired focus of the nodes
near the wall. The number of divisions and nodal points, in this case, will be (mtxnt) and
[(mt+1) x (nt+1)] , respectively, where mt refers to the number of divisions in R direction
which changes from (m=1) to (m=mt) and equalsto (1/AR) , while (nt) refers to the number
of divisions inf — direction which changes from (n=1) to (n= nt) and equals to (p | Af ) for
one half of the tube because of the flow symmetry about the vertical line of the tube . Figure
(3) demonstrates the influence of number of grid points for attest case of fluid confined
within the present configuration at Ra=10" and ® =0, it is clear that, the grid system of
(40*55) is fine enough to obtain accurate results and guarantees. The present code was test
for grid independence by calculating the average Nusselt number around the perimeter of the
tube Therefore, adopted a grid system of (40*55).
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5. Numerical mplementation
The governing equation in the cylindrical coordinates (equations 1, 2, 3,4and 5) as well

as boundary conditions were discretized by finite difference method. In this study the finite
difference equation were derived by using central difference approximation for the partial
derivatives except the convective terms for which upwind difference formula was employed.
Derivative at the boundary were approximated by three point forward and backward
difference. The alternating direction implicit (ADI) method was employed for the solution of
energy fields, while relaxation method was employed for stream function calculation. A time
increment At =10 has been used for Ra=10%10° and 10°. In order to evaluate how the
presence of the nanofluids affect the heat transfer rate around the perimeter of tube according
to the parameters Rayleigh number to plect number, nanoparticles volume fraction, and theta
it is necessary to observe the variation of the Local Nusselt number on the perimeter of tube .
In generalized coordinate the local and average Nusslet number defined as the local Nusselt
number around the perimeter of tube will be as follows:

2 NuX
Nulr:t t= E [grnlitn - 4Tnl'(nt—l,n +Tnlit—2,n] (12)

The mean Nusselt number around the perimeter of inner cylinder at location (k+1) is
deduced by integrating local Nusselt number as follows:

P
NU*™* = SNU® + (1- s)pE j NuXdf (13)
0

The Nusselt number is used to calculate the surface temperature at the location (k+1),
but it is found that the boundary conditions causes unstable state in the solution at the value
of relaxation factor (S =0). Therefore; relaxation factor (S = 0.8) is used for stability
considerations [23]. The above integral was calculated using Simpson's rule 1/3 method.

6. Results and discussion

Numerical results have been performed systematically for tube to investigate the
parametric influences on the heat transfer and nanofluid flow patterns through horizontal and
inclined tube filled with saturated porous medium . The heat transfer rate of the problem
considered in the present study.

For a given RaPe and three different values of the Ag (25nm), Cu (30nm) and
TiOx(50nm) particles volume fractions (1, 2.5 and 5% vol), Contours of dimensionless

t—t,T )k
Secondary(Q,EJ and contours of dimensionless temperature—( > s
q, D

a'nf anf
developed region are presented for three volume fraction percent(l, 2.5and 5 % vol) and
Rayleigh number (Ra=10°10°,10°), Peclet number (Pe=10) and a = O (horizontal) in figs.
(7), (8) and (9). The nanofluid rises to top of the tube filled with saturated porous medium
and fals sdowly toward the centerline tube because of buoyancy force. Therefore, a

a fully
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secondary flow patterns appears at the tube cross section which creates a circular cell. Its
position depends on the balance of the buoyancy force and the inertia of the secondary flow
at the vertica plane (symmetry plane). the presence of porous media (glass beads with
nanofluids) lead to more vortices. The effects of nanoparticles concentration on the secondary
flow and isotherms are shown in figs. (8). Adding Ag (20nm), Cu (30nm) and TiO, (50 nm)
nanoparticles in distilled water increases the effective thermal conductivity of the nanofluids
and therefore the molecular heat diffusion is augmented.

For agiven Ra=10", Pe=10, a=0(horizontal) and different volume particle fraction (1, 2.5
and 5%vol) nanofluid temperature becomes more uniform by increasing nanoparticles
concentration for UHF. While the center of secondary flow is located top and bottom of the
horizontal axis to eddies formed. The circulation strength is similar approximately between
nanofluids and distilled water. It can be noticed as different ®, Pe=10, Ra=10" (glass beads
(dp=8mm)) and o=0 (horizontal) of small second eddy formed by side the main eddy which
is pushed upward and rendered unsymmetrical. The isotherms tend to become horizontal,
especialy in the regions away from the wall of tube , approximating the temperature
distribution in a stably stratified nanofluid.

The secondary flow does not significantly change despite of higher heat flux needs to
keep the Rayleigh number constant for higher particles concentration. It is expected that the
heat transfer process in horizontal position is better than other angles of inclinations because
of the stronger secondary flow associated with free convection which behave so as to reduce
temperature difference in the tube.

Figs.(9) show the isotherms lines contour for Pe=10, a =90° (vertical), and Ra=10", for
UHF . As can be seen from this figure, it is impossible to represent the secondary flow by
plotting a diagram describes streamlines since stream function is equal to zero. Thisisaguide
for accuracy of the numerical method used in solution of the governing equations of flow.
The figure show on the right hand side the isotherms contour that are nearly circular and have
the same center located exactly at the center of tube further indicate little influence of the
convective flow on heat transfer .

Plot the contours of the stream and isotherms lines for the different inclination angles
of tube (o =30° 60°, 90°), peclet number (Pe=10) and Rayleigh number (Ra=10% can
preview the form of secondary flow to clarify the impact of changing inclination angles of
tube as shown in the fig. (9) on the left side. Also it can be seen the secondary flow center to
be close to the wall at the horizontal position and move away gradually from the wall
increase the values of inclination angles of the tube toward the vertical position. The
maximum deformation in the isotherms lines and unsymmetrical about the horizontal axis of
the tube. isotherms be a concentric circles perfectly with the centerline tube (0=90°) because
of the fading effect of free convection on flow field in the tangential & radial direction and as
a result of weak secondary flow currents and limited on acceleration the nanofluid velocity
near the heated wall in thermally fully developed region.

The strength of secondary flow for three types of the nanofluids(Ag (20nm) - distilled
water), (Cu (30nm) - distilled water) and (TiO, (50nm) - distilled water) and which be larger
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than distilled water while the same behavior for the isotherms because of adding the
nanoparticles in distilled water increase the effective thermal conductivity of the nanofluids
and therefore the molecular heat diffusion is augmented and the nanofluid temperature
becomes more uniform by increasing nanoparticles concentration. The nanoparticle Ag
(20nm) is smaller than both nanoparticles Cu (30nm) and TiO, (50nm) which rendered
enhancement heat transfer for the nanofluid (Ag (20nm) - distilled water) is higher than both
nanofluids (Cu (30nm) - distilled water) and (TiO2(50nm) - distilled water).

Fig.(10) exhibit the change in radia velocity of the nanofluid (Cu - DW) with horizontal
axis of the tube as (dp=8mm(glass beads),Pe=10, ®=5 % vol ,different Ra number (2x10 *,
4x10 #) and locations along the tube. When decreasing of the Ra number the radial velocity
were very small at the entrance of the tube (Z = 0.001,0.01,0.015) then started increases
clarity a move away from the entrance (Z = 0.05,0.1) due to increases strength of the
secondary flow arising from the impact of natural convection. The increasing strength of the
radial velocity and reverse the direction to become toward the center in the regions near of
the tube surface while reversed direction the center in the regions far from the surface at the
values (Z=0.2,0.5). When increasing of the Rayleigh number the radial velocity were
similar to the previous situation with the rise in the values to this velocity for the same
locations aong the tube.

Fig (11) reved the change in tangentia velocity of the nanofluid for the same boundary
condition in radial velocity. The tangential velocity equal to zero near the center of tube and
increasing in the opposite direction to the center whenever strayed from it. This increase to
access maximum value at the surface of tube. the tangential velocity increasing with Ra
number increase be the same previous pattern at Ra number (Ra=4x10%).

Fig.(12) depict the change in radia velocity of the nanofluid (Cu — Dw ) with vertical
axis to same B.C above. The direction of this component towards the center of the tube at
locations near the top surface of tube. The increased intensity and lower then close to zero at
the center of the tube and reverse direction away from the center. The distribution pattern
similar but more strongly as we move away from the entrance of the tube until access to
(Z=0.1) . When increasing of the Rayleigh number the same pattern but larger vaues due
to increased intensity of secondary current. The radial and tangentia velocity group in
fig.(13) for three types of nanofluids be approximately convergent velocities and not change
significant to mention in radial and tangential velocity profile group for the three types of the
nanofluids.

Fig. (14) Shows the axial profile of the peripheral average for Nusselt number with
different inclination angles of the tube (a=0°, 30°45°,60° 90°), Rayleigh number (Ra=10°),
Peclet number (Pe=10) and volume fraction (®= 5 % vol). On the left and right side shown
clearly that the increasing of the Nusselt number and when be horizontal position was higher
than the vertical position at the same values of the Rayleigh number (Ra = 10°) due to the
considerable influence of free convection currents at the horizontal position and the reason
behind this is due to the buoyancy force which driven secondary flow depended on the
magnitude of eddy as function of flow which determines value magnitude of each of the
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radial and tangential velocity, which in turn depends on the magnitude of inclination of the
tube . So the buoyancy force be in the case of the maximum value and decrease gradually
when the change to the vertical position. Asitis clearly seen increasing the Rayleigh number
augments the buoyancy force and enhances Nusselt number at the fully developed region.

Fig.(15) represents the peripherally average skin friction coefficient to nanofluid (Ag
(20nm),Cu(30) - distilled water) at constant Rayleigh number (Ra=10°), Peclet number
(Pe=10), volume fraction (®=0, 1, 5 vol%) and different inclination angles of the tube (a=0°,
30°,45°,60°, 90°). In spite of augmenting the Nusselt number by increasing the nanoparticles
concentration, the skin friction does not change. As it was seen in the previous figures, the
velocity profiles and the secondary flow are not significantly affected by the nanoparticles
concentration. Also at the high of the Rayleigh number by increasing the nanoparticles
volume fractions does not have significant effect on Cf. In general, increasing the tube
inclinations augments the flow acceleration near wall and consequently higher skin friction
OCCUrs.

7. Conclusion

The conclusions can be drawn from the results of theoretical study were as follows:

1. Three types of nanofluids, with 20 nm ,30 nm and 50 nm particles showed higher
thermal energy rate than the base fluid.
2. The nanoparticles concentration does not have significant effect on the secondary

flow, radial and tangential velocity profile , on the peripherally average skin friction
coefficient and on the porous media.

3. Flow strength and therma energy rate are increasing generaly in nanofluid case
comparing with pure fluid case.

4. Thetype of nanofluid is a key factor for thermal energy enhancement.

5. Nussdlt ratio factor increase generally with Ra at constant @ and increases with @ at
constant Ra.

6. Skin friction coefficient is augmented by increasing the tube inclinations.

7. Thethermal energy rate increasing with decrease the nanoparticles size.

8. The metallic nanoparticles give higher thermal energy enhancement than nano
metallic particles (oxides) due to the high thermal conductivity of metallic
nanoparticles.
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Ag - distilled water Cu — distilled water TiO— distilled water
Secondary Flow Isotherms Secondary Flow Isotherms Secondary Flow |sotherms

[qJMax]nf:lO-ssl [Tmin]nf =0.282 [qJMax]nf=8.678 [Tmin]nf =0.262 [LIJMax]nf=6~75 [Tminlns =0.241

[Wanil=8. 42 [Towinle =0.356 [Wad £7.324 [Toinls = 0.321 [Whal =5.658 [T =0.292

_ 113
Ra=10° Ra=10° Ra=10
[Wiadni=15.24[ [Toinls =0.321 [Wyd=14.31 [Tl = 0.282 [Wadn=10.456 [[-I_-rmilj\]]nf:ot)~3'226
Wyad £12.551 [Trminlf =0.392 [Wyod =12.49 [Tominle = 0. 343 [Wmad =8.442 minlf =0.

[LIJMax]nf=22~ 52 [Tmin]nf:O-351 [LIJMax]nf=17~49 [Tmin]nf = 0 292 [wMax]nf:15-42 [Tmin]nf =0282
[Vl =19. 552 [Teminle =0.442 [Whae =15.491 [Trminke = 0.401 [Wmad =13.36 [Trminls =0.318

Fig.(7) : Secondary flow (on the left) and Isotherms (on the right) for Ag,Cu, 110, — aistiliea water
nanofluids (—— ) and water (----) with different Ra, Pe=10 , a =0° (Horizontal) ,(glass beads(dp=8mm))
and UHF
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Ag - distilled water Cu - digtilled water TiO, digtilled water
Secondary Flow Isotherms Secondary Flow  Isotherms Secondary Flow Isotherms
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[Wual=16. 552 [Trminle =0.321 [Wyax] =14.678 [Tmin)f = 0.301 W] =11.455 [Tominle =0.291

4
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@ =5% vol @ =5% vol @ =5% vol

Fig.(8) : Secondary flow (on the left) and Isotherms (on the right) for Ag,Cu, TiO, — distilled water nanofluids
(— ) and water (---- ) with different @, Pe=10 , Ra=10* a =0° (Horizontal) ,(glass beads(dp=8mm)) and UHF
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Ag - distilled water Cu - digtilled water TiO, — distilled water
Secondary Flow Isotherms Secondary Flow Isotherms Secondary Flow |sotherms
[qJMax]nf:9-551 [Tmin]nf =0.30 [LIJMaX]nf=7.32 [Tmin]nf =0.290 [LIJMax]nf=6~56 [Teinlns =0.28
Wl 6. 32 [Tminl¢ =0.33 [Whae =5.41 [Tminlf=0.31 [Whia =4.455 [Tminls =0.3

[qJMax]nf:6-41 [Tmin]nf =0.23
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[LIJMax]nf=O~ 0 [Tmin]nf:O-2412 [LIJMax]nf=O~O [Tmin]nf = 0 212 [qJMax]nf:O-O [Tmin]nf =0205
[Wha =0. 0 [Teinle =0.262 [Whad 0.0 [Trinke = 0.241 [Wmad =0.0 [Trinl =0.224

Fig.(9) : Secondary flow (on the left) and Isotherms (on the right) for Ag, Cu, TiO, — distilled water
nanofluids (— ) and water (--- ) with different a, Pe=10 , Ra=10* (glass beads(dp=8mm)) and UHF
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Fig. (10): Changing radial velocity of the nanofluid (Cu — distilled water) with horizontal axisto
Pe=10, ®=5%vol ,(glass beads(dp=8mm)) at different Ra and position on the length of the tube
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Fig. (11): Changing tangentia velocity of the nanofluid (Cu — distilled water) with horizontal axisto
Pe=10, ®=5%vol ,(glass beads(dp=8mm)) at different Ra and position on the length of the tube
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Fig. (12): Changing radial velocity of the nanofluid (Cu —distilled water) with vertical axisto Pe=10, ©=5%vol
(alass beads(do=8mm)) at different Ra and position on the lenath of the tube
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Fig. (13): Groups changing radial and tangential velocity of the nanofluids (Ag,Cu,TiO, — distilled water) with
horizontal axisto Pe=10, ©=5%vol ,dp=8mm at different Ra and position on the length of the tube
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Feasibility studies for use generator IMW photovoltaic selar panels in ARA R
border port
Ahmed Abdul-Jabbar Mahmud
Ministry of Science and Technology/Renewable Energy Directorate
Ahmed abualhuda@yahoo.com
Baghdad-Iraq

abstract:

Feasibility studies to create a power station in port ARAR border, capacity IMW
working in photovoltaic solar panels and statement preference monument like so stations
at border crossing points for connecting stand alone or on grid, note that most border
crossings major Iraqi connected to the national grid, and the stations with medium and
large capacity preferably linked directly on grid to be economically feasible by preclusion
need energy storage (batteries), which are very expensive. The cost was calculated for
environmental damage ability IMW generator with gasoil fuel the help of the program
prepared by the International Atomic Energy Agency (IAEA).
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