Green Engineering Concentration

Course: Design of Solar Energy Systems
Includes syllabus and two laboratory exercises

This course is an introduction to the theory and application of various solar energy systems, including principles of solar energy collection, conversion, storage, and distribution. Topics such as solar air and water heating and cooling applications, their components and systems in addition to Passive solar strategies and concepts are also highlighted in this course.  The course aims at enhancing the students understanding on solar energy availability, collection, and potential utilization of solar energy in improving the indoor environmental quality of built-up spaces. A project involving the design of an energy independent home is required. The methods of assessing students will include homework, quizzes, examinations, classroom discussions, design projects, and a final exam.  
This curriculum was developed by Western New England College through a Clean Energy Workforce Training Capacity Building grant. These grants were intended to prepare the Commonwealth’s training providers to meet the workforce needs of the clean energy sector. This grant program is offered through a partnership between the Executive Office of Energy and Environmental Affairs, the Massachusetts Clean Energy Center and the Executive Office of Labor and Workforce Development. The grant program was administered by Commonwealth Corporation.
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Course Code & Section: ME 318-02
Name: Design of Solar Energy Systems 

Semester:

      Spring 2009




Class Meeting Times:     M, W, F:  10:00 – 10:50 am

Class Meeting Dates:
January 19, 2009 – May 7, 2009

Class Meeting Location:
S110

Instructor: 

      Dr. Said Dini

Office:


      S114B

Office Hrs 

      M: 11:00-12:00 noon, T: 2:00 – 3:00 pm, W: 11:00 – 1:00 pm, 




      Th: 1:00- 2:00pm
Email: sdini@wnec.edu
Pré réquisits: ME 303

Catalog/Course: This course is offered to juniors and seniors in mechanical engineering   majors and non- majors and is designed to introduce the students to the theory and design of solar heating,   photovoltaic, and power generation systems. The course encourages students to understand the crucial role of energy in our society and implications of their own energy consumption. The students will use solar radiation data to convert it for use on earth,  to calculate flat-plate collector  efficiency, size active and passive solar water and residential building  heating systems, estimate the residential heating load, and determine power generation  through photovoltaic. Additionally, the student will use the G-chart to design active solar heating systems, and use the P-chart to design passive heating systems.  An individual project involving the design of energy independent home is required. The method of assessing students will include homework assignments, examinations, projects, and a final exam.  3 s.h.

 Required Materials:  Solar Engineering of Thermal Processes, by Duffie and Beckman, Third Edition, Wiley Interscience, 2006.

Calculator - Scientific hand-held self powered

Contribution of course to meeting the professional component: 3 credits 

This course provides students with the knowledge of basic principles of solar energy and incorporates a broad range of real-world engineering applications to problems in the design of solar water heating, design of active and passive heating systems among other things.  This course provides 3 credits of engineering topics toward the 48 credit hours required for the ME Green Concentration curriculum.

Objectives/Outcomes:  To develop in the engineering students the ability to understand the fundamentals of solar engineering of thermal processes. Also have the ability to apply these fundamentals to buildings for heating and hot water by active and passive processes. 

Also, the purpose of this course is to enable the student to have a clear understanding of the theory and application of Solar Energy.

The student must be able to satisfactorily perform the following:

	1. To solve problems of available solar radiation on sloped surfaces  (a).

	2. To drive basic flat plate energy balance equation (a).

	3. To calculate the performance of a flat plate collector (a).

	4. To bring together individual components to show how solar process systems function. ( a ,e).

	5. To analyze and design an active and passive solar water heating system and building heating system(a,c,e,g,k)


Course Requirements:

The students will be evaluated on their performance in two in-class exams, one project, one special applied problem, ten homework assignments, and a comprehensive final exam. 

a) Exams, Quizzes: Exams will be given on the 6th and 11th week of classes during the semester. Exams cover material since the previous exam.  Final exam covers all (comprehensive).  No make-up exam will be given unless student can show cause for being absent. To insure class attendance and punctuality, unannounced quizzes will be given to the students either at the beginning or at the end of the class session. 
b)  Homework: Homework assignments will be assigned regularly on a weekly basis and must be handed in at the beginning of the class period for which it was assigned. Solution to the homework problems will be provided by the faculty, and will be given to the students (whenever possible) in the same class period (same as the due date of the assignment), and therefore no late homework assignment will be accepted. All Assignment should adhere to the following guidelines:

1) Assignments must be done on an 81/2 by 11 paper.

2) All assignments must include student’s name, assignment number, due date,

3) Course name and section number and assigned problem numbers.

4) All work must be neat and legible.

5) Problems must be written only on one side of the page for multiple page assignments and stapled in the upper left-hand corner.
  

c)  Writing content: Each student will be expected to demonstrate, in writing, that he/she can explain an idea or engineering concept.  All written reports will be evaluated on the basis of appropriate organization, proper communication, neatness, grammar, spelling, and punctuation. This will count 50% of the project grade. 

d)  Computer use: The computer is a normal part of the Heat Transfer course.  Numerical methods will be used to solve heat transfer problems.

e)  Attendance: Attendance is taken in every class period. Punctuality and attendance at all classes is required. Attendance is very important since some of the information presented in lectures may not be found in the text book.  If the student is absent, she/he is still responsible for information and assignments covered in class. The student should see a classmate or ask his/her instructor for details of what has taken place in the classroom. Unless a student can provide documentation to justify an absence, more than three absences will diminish the student’s numerical grade average in the course by 5 points. If he/she is absent due to illness or a tragedy, a call should be made at (413) 782-1498 to inform me before the class time. A written explanation must be given for an excused absence. The instructor may also request written verification of an excused absence. 

Students are expected to be prompt. Once the classroom door is closed, students who enter must do so quietly without disrupting the class. If a student is late for class and is disruptive upon entering the classroom, the student will be asked to leave. In the event that the student arrives after attendance is taken, the student must provide the instructor with a reason for his/her tardiness and is expected to apologize for being late. Repetitive tardiness for class will be reported to the dean of the school. 

f) Methodology: Lecture, demonstration, discussion and problem solving 

g) Grading: 

First exam

 15%





Second exam

 15%





Final exam

 25%





Homework

 10%





Design project

 25%





Special problem
10%



Total

100%


a. Grading Policy:

A 
93-100

A-
 89-92

B+ 
86-88

B 
83-86

B-
78-82

C+ 
72-77

C
 66-71

C-
 62-66

D+
 58-61

D
 54-57

F
 < 53 

Every student is required to spend at least 9 hours per week on readings, homework problems, project, and special problem 

h) Mid-Semester Grades: Mid-Semester grades will be issued in this course and will be submitted to the registrar, on due date set by the registrar office. 

i)  Integrity of Scholarship: from the college catalog: “Honesty in all academic work is expected of every student. This means giving one’s own answers in all class work, quizzes, and examinations without help from any source not approved by the instructor. Written material is to be the student’s original composition. Appropriate credit must be given for outside sources from which ideas, language, or quotations are derived. 

Any student who is unable, because of his religious beliefs, to attend classes or to participate in any examination, study, or work requirement on a particular day shall be excused from any such examination or study or work requirement, and shall be provided with an opportunity to make up such examination, study, or work requirement which he may have missed because of such absence on any particular day; provided, however, that such makeup examination or work shall not create an unreasonable burden upon such school.

j)  Other Information: 

1. Changes in syllabus and assignment sheet may be modified as deemed appropriate. 
All changes will be announced in class.

2. Students will complete and submit course evaluation forms during the last week of regular classes. Evaluation forms will be distributed, collected, and returned by the students to the Office of School of Engineering.

3. If you are a student with a disability and are requesting academic accommodations, please contact the SDS in Deliso G05, or call 782-1257.

4. When classes are cancelled, work that was due on the cancelled date will be collected at the next class meeting; exams that were scheduled to be given on that date will be given during the next class period.
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Design of Solar Energy Systems 
Syllabus

Semester:    
Spring 2010

Instructor:     Dr. Said Dini

Office:  
S114 C

Office Hours: M: 11:00-12:00 noon, T: 2:00–3:00 pm, W: 11:00–1:00 pm, Th: 1:00-2:00 pm 

Schedule:  
M,W F:  10:00-10:50 am

Textbook:
Solar Engineering of Thermal Processes, Third Edition, Duffie & Beckman, Wiley Interscience.

Period (Weekly)

Lecture Topic




Article
1


Home Heat Loss-Load Calculations

2,3


Introduction to Solar Energy



1.1-1.11

4.


Available Solar Radiation,



2.1-2.12





Beam and Diffuse Components, 


        

5,6


Average and Total Radiation on


2.13-2.20




Fixed Sloped Surfaces



         

7.


Design Project




Discussion on the Design of Energy





Independent Buildings, Exam # 1




8.


Selected Heat Transfer Topics, 

            3.1.3.17

9..


Radiation Characteristics of



4.1-4.11,





Opaque Materials


10.


Radiation Transmission Through Glazing; 

5.1-5.11





Absorbed Radiation







11.


Flat-Plate Collectors; Collector


6.1-6.7





Heat Removal Factor and Flow





Factor, Exam # 2
12.


Flat-Plate Collectors; Effective


6.8-6.23





Transmittance-Absorptance Product,





G-Chart

Period (Weekly)

Lecture Topic




Article

13.


Solar Water Heating - Active



12.1-12.13





and Passive  
14.


Design of Active Systems



20.1-20.8





By f-Chart

FINAL EXAM  Comprehensive

Note:
This is not a firm list.  There may be additions or deletions during the semester.
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EVACUATED TUBE SOLAR Collector

Purpose: This Laboratory is designed to teach students how to measure and assess the performance of a evacuated tube solar collector. 
Apparatus: The Alternative Energy System apparatus in the M.E. Laboratory will be used to assess the performance of the evacuated tube solar collector. The solar collector is installed on the southwest corner of Sleith Hall at Western New England College.  This unit is a Thermomax Mazdon 20-TMA 600S Collector and produces an estimated value provided by the manufacturer of maximum 1630W of heating.  This collector is shown in Figure 1 and the technical data is shown in Table 1
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Figure 1. The evacuated tube solar collector
Table 1. Specifications of Evacuated Tube Solar Collector
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Solar Collector Factsheet
Thermomax Mazdon 20 - TMA 600S

Model Mazdon 20 - TMA 600S
Type Evacuated tube collector
Manufacturer  Themiomax Kingspan Renewables Lid.
Address Balloo Crescent

GB-Bangor BT19 7UP
Telephone  +44 (02891) 270411

Fax +44 (02891) 270572
Email info@thermomax.co.uk
Internet ‘W thermomax.group.com
Test date. 11.2003

2 Performance test EN1275:2001
@ Qualty test EN12975:2001

Dimensions
Totallength 2021m
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Gross area a0
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Absorber area 2007

Weight empty s3kg

2 Construction for sioping roof ©  Unitsin diferent sizes available:
O integraton into sioping roof O Glazing replaceable:

2 Onfatroof with stand Hydraulic connection

O Facade ‘Copper pipe, nominal diameter 22 mm

1 Glazing
2 Absorber
3 Heat pipe
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Background--Evacuated-Tube Collectors

In an attempt to design higher-performance flat-plate collectors with mass production capability, collectors are being manufactured that are made from glass tubes with the enclosed space sealed and evacuated. Called evacuated-tube collectors, these have very low overall heat loss when operated at high temperatures. This is because they are essentially single glazed collectors with the space between the glazing and absorber evacuated, thereby eliminating convective loss. This leaves re-radiation as the only major loss mechanism. The results of this low heat loss can be seen in the exceptional high-temperature, low-solar irradiance performance of this collector design (Figure  3).

Figure 2 shows two evacuated-tube designs. In Corning Glass Company’s design, a flat absorber plate with an attached water tube is sealed into a glass tube that is then evacuated. Solar energy is absorbed on the absorber plate and is extracted by water or other heat-transfer fluid flowing through the attached tube.
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Figure 2 Designs of evacuated-tube collectors. Tubes are normally 5-10 cm (2-4 in.) in diameter.

In the Owens-Illinois design, concentric glass tubes are used with the inner tube surface becoming the absorber by coating it with a selective absorbing coating. The space between these tubes is evacuated. Heat-transfer fluid flows in through a third, inner, concentric feeder tube and flows out in the annulus outside the feeder tube in contact with the absorber tube surface.

The evacuated tube collector has the potential for developing high efficiencies at high temperatures. However, as a result of degradation of elastomeric seals, differential thermal expansion, and coating limitations, these collectors are limited to temperatures considerably below their maximum potential at noontime isolation levels. This means not only that applications cannot be planned for temperatures beyond these temperature limits, but also that under stagnation conditions (no heat removal [image: image4.png]
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i.e., the zero-efficiency conditions) the collectors can exceed these limits. System designs must incorporate provisions to circumvent this possibility. An extensive review of the status of evacuated tube collector technology may be found in Window and Harding (1984).

Again, in order to predict these effects, an analysis should be made using solar radiation data and sun angle computations to predict the exact effects of a particular set of circumstances

--Efficiency Measurement
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Where: [image: image14.png]


 is the efficiency of the collector
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 is the useful energy from the collector (W)[image: image18.png],Q =mC,(T; —T,)
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 is the temperature of the fluid entering the collector (Kelvin)
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 QUOTE  
To
 is the temperature of the fluid leaving the collector (Kelvin)
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 is the collector area (m2)


Typical Performance

Figure 2 gives typical performance for a number of different types of flat-plate collectors. These range from an unglazed absorber as is used for very low temperature applications to double-glazed, selective-surface collectors. Also included on this plot is an evacuated tube-type collector, which is discussed in the following paragraphs.
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Figure 3.  Performance of typical commercial flat-plate solar collectors.

A second abscissa scale has been included on this plot to aid in rapid interpretation. Since the abscissa is the temperature difference divided by the total solar irradiance, these parameters may be separated in nomogram style with a separate abscissa.

Although flat-plate collectors may be operated at fairly high temperatures when solar irradiance or ambient temperature is high, as solar irradiance or ambient temperature decreases or the angle of incidence increases, the efficiency falls. An example is shown in Figure 2 for a temperature difference of 50ºC (90ºF), where the solar irradiance has decreased to 600 W/m2 (190 Btu/hr ft2), and the efficiencies of the first three collectors have dropped below usable levels. This curve supports the conclusion made previously that flat-plate collectors are adequate for applications where the temperature rise above ambient is less than about 50ºC (90ºF). An exception to this conclusion is the evacuated-tube collector, which appears to be operable at twice that temperature rise. However, there are few high-temperature applications of the evacuated-tube collector to confirm their reliability at these temperatures.

Experimental Setup and Procedure

Experimental setup for the system is as shown in figure 3. It contains a heat exchanger, a hot water storage tank, two pumps, two expansion tanks, a heater, and a flat plate collector. Return water from the heat exchanger enters the collector. Water gets heated in the flat plate collector and be stored in the hot water storage tank. Higher density water from the bottom of the tank again enters the flat plate collector and gets heated and moves up and stored in the hot water storage tank and vice-versa. Hot water can be drawn from the hot water storage tank for further application. The flat plate collector has been placed on the shaft with two ball bearings an either side of the shaft for tracking purpose.
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Figure 4. Schematic diagram of the evacuated tube collector heating system.
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Figure 5. Sensor Mounting Mast
Procedure: 

1.
Data on this system should be collected under clear sky condition..  

2.
Record inlet and outlet temperature of the water glycol  mixture going through the flat plate collector (Tin and Tout) Make sure that steady state conditions have reached 

3.
Measure the mass flow rate going through the collector.

4.
Take the barometric pressure, pbar or patm , and the room dry tdb , from which the mixture density may be calculated  

5.
Measure the collector dimensions and the collector tilt angle. 

6.
Measure the solar irradiation on the horizontal plane using the pyranometer. Solar insolations should be recorded for an hour.
Report Requirements:   

1.
Determine The geometric factor Rb.

2.
Estimate IT.

3..  Calculate the efficiency of the flat plate collector
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Flat Plate Collector

Purpose: This Laboratory is designed to teach students how to measure and assess the performance of a flat plate solar collector. 
Apparatus: The Alternative Energy System apparatus in the M.E. Laboratory will be used to assess the performance of the flat plate collector. The flat plate solar collector is installed on the southwest corner of Sleith Hall at Western New England College.  This unit is a Steibel Eltron SOL 25 Plus Flat Plate Collector and produces an estimated value provided by the manufacturer of 30,000 Btu per day of heating.  This flat plate collector is shown in Figure 1 and the technical data is shown in Table 1
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Figure 1. The flat plate collector
[image: image29.png]SOL 25 PLUS Flat Plate Collector Technical Data

Total surface area saft 29.06 sqm 2.7
Net effective surface area saft 28 sqm 26
Collector output range Btu / day* 30,000 Btu w / day. 792
Max. temp. °F 410 °c 210
Typical transfer flow rate Gal/h 13 - 80 1/h 50 - 300
Working operating pressure pSI 50.7 bar 3.5
Max. operating pressure [ 7.0 bar 6
Tested to pressure pSI 160 bar 1
Pressure loss [ 0.44 m / bar a0
Dimensions in. 67 15/16 % 48 1/8 % 3 1/16 mm 2233 % 1223 % 78
Weight without heat transfer fluid Ib. 106 kg 48
Recommended mounting angle 10° - 90°

Plurbing connections in. 3/4" BSOT

Frame anodized aluminum, corrosion resistant
Absorber copper, chromium oxide selective surface
Thermal insulation mineral wool

Absorptivity / emissivity 95 9% /5%

Light transmission 92 %

Heat transfer fluid

non-toxic polypropylene glycal solution

*clear day rating data

West Haield, MA 01088

Model No.: So 25 Plus
Gross Area 273m (942 10)
Serial Number:

Mildly Cloudy

Day Rating
Category C
22 Mi/day
21 Mbtu/day

©2010 Stiebel Eltron, Inc. All rights reserved.




Background--Collector Description

Flat-plate collectors are in wide use for domestic household hot-water heating and for space heating, where the demand temperature is low. Many excellent models of flat-plate collectors are available commercially to the solar designer. A discussion of flat-plate collectors is included here because of their use in industrial systems either to supply low-temperature demands or to preheat the heat transfer fluid before entering a field of higher-temperature concentrating, collectors. Detailed descriptions of flat-plate collector design, performance and system design using these collectors may be found in the following sources: Duffie and Beckman (1980), Lunde (1980), and Kreider and Kreith (1982). You should refer to these for further information. 

The construction of a flat-plate collector is shown in Figure 2. The basic parts noted are a full-aperture absorber, transparent or translucent cover sheets, and an insulated box. The absorber is usually a sheet of high-thermal-conductivity metal with tubes or ducts either integral or attached. Its surface is painted or coated to maximize radiant energy absorption and in some cases to minimize radiant emission. The cover sheets, called glazing, let sunlight pass through to the absorber but insulate the space above the absorber to prohibit cool air from flowing into this space. The insulated box provides structure and sealing and reduces heat loss from the back or sides of the collector.
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Figure 2.  A typical liquid flat-plate collector.

--Absorber Plate

The main element of a flat-plate collector is the absorber plate. It covers the full aperture area of the collector and must perform three functions: absorb the maximum possible amount of solar irradiance, conduct this heat into the working fluid at a minimum temperature difference, and lose a minimum amount of heat back to the surroundings.

Absorption. Solar irradiance passing through the glazing is absorbed directly on the absorber plate without intermediate reflection as in concentrating collectors. Surface coatings that have a high absorptance for short-wavelength (visible) light, are used on the absorber. Usually these coatings appear dull or "flat," indicating that they will absorb radiation coming from all directions equally well. Either paint or plating is used, and the resulting black surface will typically absorb over 95 percent of the incident solar radiation.

Fin Heat Removal. The second function of the absorber plate is to transfer the absorbed energy into a heat-transfer fluid at a minimum temperature difference. This is normally done by conducting the absorbed heat to tubes or ducts that contain the heat-transfer fluid. The heat-transfer fluid may either be a liquid (water or water with antifreeze) or gas (air). The important design criterion here is to provide sufficient heat transfer capability that the difference between the temperature of the absorber surface and the working fluid is not excessive; otherwise, the heat loss from the absorber would be excessive. High heat-transfer rates are usually accomplished at the expense of pumping power and absorber plate material.

When a liquid is used as the heat-transfer fluid as is most often the case, special problems occur in transferring the heat absorbed on the absorber surface into the fluid. Liquid collector absorber plates often consist of a flat sheet of metal with tubes spaced 10-25 cm (4-10 in.) apart and attached to it in some fashion (integral, brazed or press fitted). The sheet of metal absorbs most of the solar irradiance and acts as a fin to bring the absorbed heat into the fluid. The following are important points in designing a good ‘tube and sheet’ absorber:

1. The fin (absorber sheet) must be made of a material with high thermal conductivity. 

2. The fin should be thick to minimize the temperature difference required to transfer heat to its base (tube). 

3. Tubes should not be spaced too far apart; otherwise, a higher temperature difference between the tip of the fin (midway between the tubes) and the base will result. 

4. Tubes should be thin-walled and of a high-thermal -conductivity material. 

5. The tube should be brazed or welded to the absorber sheet to minimize thermal contact resistance. 

6. The tube and absorber sheet should be of similar material to prevent galvanic corrosion between them.

Emittance. Because 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 (infrared) radiation. The dilemma is that many coatings that enhance the absorption of sunlight (short-wavelength radiation) also enhance the long wavelength radiation loss from the surface. This is true for most dull black paints.

A class of coatings, mostly produced by metallic plating processes, will produce an absorber surface that is a good absorber of short-wavelength solar irradiance but a poor emitter of long-wavelength radiant energy. These coatings are called selective surfaces. Flat-plate absorbers that have selective surfaces typically lose less heat when operating at high temperature,. However, the absorptance of selective coatings is seldom as high as for non-selective coatings, and a tradeoff must be made based on whether the increased high-temperature performance overshadows the reduced low-temperature performance and expense of the selective coating.

-- Cover Sheets

The absorber is usually covered with one or more transparent or translucent cover sheets to reduce convective heat loss. In the absence of a cover sheet, heat is lost from the absorber as a result of not only forced convection caused by local wind, but also natural convective air currents created because the absorber is hotter than ambient air. The cover sheet forms a trapped air space above the absorber, thereby reducing these losses. However, convective loss is not completely eliminated because a convective current is set up between the absorber and the cover sheet, transferring heat from the absorber to the cover sheet. External convection then cools the cover sheet, producing a net heat loss from the absorber. In addition, heat loss is reduced because of the thermal resistance of the added air space.

Number of Covers. The number of cover sheets on commercial flat-plate collectors varies from none to three or more. Collectors with no cover sheet have high efficiencies when operated at temperatures very near ambient temperature. This is because incoming energy is not lost by absorption or reflection by the cover sheet. When no cover sheet is used, however, a considerable amount of the incident energy is lost during operation at temperatures much above ambient or at low solar irradiance levels. A typical application for an uncovered flat-plate collector is for swimming pool heating, where temperatures less than 10ºC (18ºF) above ambient are required.

Increases in the number of cover-sheets increases the temperature at which the collector can operate (or permits a given temperature to be reached at lower solar irradiance). One or two cover sheets are common, but triple glazed collectors have been designed for extreme climates. In addition to the added expense, each added cover sheet increases the collection efficiency at high temperature by reducing convection loss but decreases the efficiency at low temperatures because of the added absorption and reflectance of the cover.

In regions of average mid-latitude temperatures and solar radiation, collectors with no glazing are generally used for applications to 32ºC (90ºF), single-glazed collectors are used for applications to 70ºC (158º F), and double-glazing is used in applications above 70ºC (158ºF).. In regions of low average solar irradiance or extremely low temperatures, therefore, double-glazed collectors are used in applications where single-glazed collectors should be used normally and single-glazed collectors for unglazed applications. Also, selective absorber surfaces become more worthwhile.

Materials. Because of its superior resistance to the environment, glass is used as the outer cover sheet on most commercial collectors. Usually the glass is tempered, with a low iron content and 3.2-6.4 mm (0.12-0.25 in.) thick. The surface may be either smooth, making the glass transparent, or with a surface pattern, making it translucent. Both types have a transmittance of around 90 per cent.

Plastic cover sheets are sometimes used for the second cover sheet when two sheets are required. Installation of the plastic sheet beneath the glass protects the plastic from the environment. Glass also does not transmit UV radiation and thus protects the plastic, which is usually sensitive to this portion of the solar spectrum. Rigid sheets of acrylic-or fiberglass-reinforced polymers are in use, as are stretched films of polyvinyl fluoride. Some of these plastic cover sheets have a transmittance approaching that of low iron glass. A major draw back of this scheme is the potential for overheating the plastic sheet at collector stagnation (no-flow) temperatures.

--Advantages

Flat-plate collectors will absorb energy coming from all directions above the absorber (both beam and diffuse solar irradiance). Because of this characteristic, flat-plate collectors do not need to track the sun. They receive more solar energy than a similarly oriented concentrating collector, but when not tracked, have greater cosine losses.

---Collector Performance

Orientation

The orientation of a flat-plate collector is a concern in system design. The designer must decide on both the collector azimuth and tilt angles or to install the collectors horizontally.
Azimuth. The most obvious azimuth for a fixed surface in the northern hemisphere is south facing. This will give equal amounts of energy before and after noon and usually the maximum daily total energy collected. There are a number of reasons why the system designer may not select this azimuth. It may be simply that the building or land orientation makes it desirable to rotate the azimuth axis to fit the installation conditions. Other performance related factors can affect the collector field orientation.

Tilt. The most logical tilt angle for the fixed flat-plate collector is to tilt the surface from horizontal by an angle equal to the latitude angle. At this tilt, if the collector is facing south, the sun will be normal to the collector at noon twice a year (at the equinoxes). Also, the noontime sun will only vary above and below this position by a maximum angle of 23.5 degrees.

However, there are some system design considerations that may encourage the designer to tilt the collector’s above or below this angle. For instance, if the slope of the roof where the collectors are to be installed is within 15 degrees of the latitude tilt, one would probably choose a flush roof mounting. If the demand is greater in the winter months as with space heating, the designer may choose to tilt the collectors toward the horizon more and accept the summer energy loss. Similarly, the reverse may be true for a heavy summer demand (i.e., cooling).

Again, in order to predict these effects, an analysis should be made using solar radiation data and sun angle computations to predict the exact effects of a particular set of circumstances

--Efficiency Measurement

The energy collection efficiency is normally determined by testing. The collector performance test data are correlated with a parameter comprised of the collector temperature rise above ambient divided by the solar irradiance. For flat-plate collector performance, the collector temperature and the solar irradiance used in this correlation are different from those used for concentrating collectors.

The collector temperature used for flat-plate collector performance correlation is normally the temperature of the heat-transfer fluid entering the collector, not the average fluid temperature, as is common for concentrating collectors.

Although the use of fluid inlet temperature makes application of the performance correlation easier in design studies, it also makes the correlation considerably more dependent on the flow rate of the heat-transfer fluid. Therefore, every correlation using fluid inlet temperature must specify the fluid flow rate at which the measurements were made. Deviation from this flow in a particular design requires that a different correlation be used. The recommended test flow rate (ASHRAE, 1977) for a liquid collector is 0.02 kg/hr (14.7 lb/hr ft2) at atmospheric pressure.

Because a flat-plate collector can collect both beam (direct) and diffuse solar radiation, the global (total) solar irradiance is used as the basis for flat-plate collector performance correlations. In testing the collector, the aperture irradiance is the global (total) solar irradiance measured in the plane of the collector, which includes the cosine loss of the beam component and some ground reflection if the collector is tilted from the horizontal as is usually the case.

A dilemma arises with the use of this performance correlation because the global (total) solar irradiance on a tilted aperture IT is used as input into the correlation. This value must include ground reflection. Following equation gives the designer a means of predicting the global (total) aperture irradiance when the aperture is tilted from the horizontal by an angle [image: image31.png]
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The appropriate collector performance correlation for a flat-plate collector is Equation  modified for a non-concentrating collector:
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 is the efficiency of the collector
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 is the useful energy from the collector (W)[image: image42.png],Q =mC,(T; —T,)
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 is the collector recovery factor
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 is the total insolation on a tilted surface (W/m2)
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 is the average transmittance-absorbance product
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 is the overall heat loss coefficient of the collector (W/m2)
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 is the temperature of the fluid entering the collector (Kelvin)
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 is the ambient temperature of the outdoor air (Kelvin)
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Where: Ib is beam insolation (W/m2)

Rb is the relationship between horizontal insolation and that on a tilted surface (W/m2)
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 is the collector or panel tilt angle with respect to the ground (Degrees)




Id is the diffuse insolation on a horizontal surface (W/m2)
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 is the ground reflectance ([image: image64.png]
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 = 0.2 bare ground)
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Where: [image: image70.png]


 is the angle of incidence (Degrees)
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 is the declination angle calculated by Eq. 1 (Degrees)
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 is the local latitude of the collector (Degrees)
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 is the collector or panel tilt angle with respect to the ground (Degrees)
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 is the degrees from true south (where east is -90, west is +90 degrees, and south is 180 or -180)

ω is the hour angle (where each hour past 12:00 pm is +15 degrees and each hour before 12:00 pm is -15 degrees) 
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Where: [image: image81.png]


 is the zenith angle of the sun (Degrees)


To find the relationship between insolation on a horizontal and that on a tilted surface the geometry angle is found.  This  is described by Equation 5.
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· Typical Performance

Figure 2 gives typical performance for a number of different types of flat-plate collectors. These range from an unglazed absorber as is used for very low temperature applications to double-glazed, selective-surface collectors. Also included on this plot is an evacuated tube-type collector, which is discussed in the following paragraphs.
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Figure 3.  Performance of typical commercial flat-plate solar collectors.

A second abscissa scale has been included on this plot to aid in rapid interpretation. Since the abscissa is the temperature difference divided by the total solar irradiance, these parameters may be separated in nomogram style with a separate abscissa.

Although flat-plate collectors may be operated at fairly high temperatures when solar irradiance or ambient temperature is high, as solar irradiance or ambient temperature decreases or the angle of incidence increases, the efficiency falls. An example is shown in Figure 2 for a temperature difference of 50ºC (90ºF), where the solar irradiance has decreased to 600 W/m2 (190 Btu/hr ft2), and the efficiencies of the first three collectors have dropped below usable levels. This curve supports the conclusion made previously that flat-plate collectors are adequate for applications where the temperature rise above ambient is less than about 50ºC (90ºF). An exception to this conclusion is the evacuated-tube collector, which appears to be operable at twice that temperature rise. However, there are few high-temperature applications of the evacuated-tube collector to confirm their reliability at these temperatures.

Experimental Setup and Procedure

Experimental setup for the system is as shown in figure 3. It contains a heat exchanger, a hot water storage tank, two pumps, two expansion tanks, a heater, and a flat plate collector. Return water from the heat exchanger enters the collector. Water gets heated in the flat plate collector and be stored in the hot water storage tank. Higher density water from the bottom of the tank again enters the flat plate collector and gets heated and moves up and stored in the hot water storage tank and vice-versa. Hot water can be drawn from the hot water storage tank for further application. The flat plate collector has been placed on the shaft with two ball bearings an either side of the shaft for tracking purpose.
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Figure 4. Schematic diagram of the flat plate collector heating system.
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Figure 5. Sensor Mounting Mast
Procedure: 

1.
Data on this system should be collected under clear sky condition..  

2.
Record inlet and outlet temperature of the water glycol  mixture going through the flat plate collector (Tin and Tout) Make sure that steady state conditions have reached 

3.
Measure the mass flow rate going through the collector.

4.
Take the barometric pressure, pbar or patm , and the room dry tdb , from which the mixture density may be calculated  

5.
Measure the collector dimensions and the collector tilt angle. 

6.
Measure the solar irradiation on the horizontal plane using the pyranometer. Solar insolations should be recorded for an hour.
Report Requirements:   

1.
Find the flow recovery factor FR.
2.
Determine The geometric factor Rb.

3.
Estimate Ib and Id.

4.
Determine IT.

5.
Determine Transmittance - Absorbance Product[image: image88.png](1a) ao



.

6.
Determine the Heat Loss Coefficients UL.

7.  Calculate the efficiency of the falt plate collector
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