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I. INTRODUCTION

The project TF/JOR /82/001 entitled "Assistance to the RSS: 
MANUFACTURING OF SOLAR WATER HEATER FOR INDUSTRIAL APPLICATION" 
was originated after the approval of the official request made 
by the Government of Jordan for assistance in the field of solar 
energy research and applications. The United Nations Industrial 
Development Organization (UNIDO) has allocated the required funds 
obtained through special trust fund contributions to the project 
for which the Royal Scientific Society (RSS) in Jordan has played 
the role of government co-operating agency.

A study vas Bade to analyze the solar energy prograaae at 

the RSS, taking into consideration all related past and ongoing 

activities related to solar energy, and to identify the potential 

application of solar energy for industrial and domestic use. The 

nain conclusion was that there exist in Jordan, very favourable 

conditions for undertaking anbltious prograanes in the field of 

utilizing alternative sources of energy, above all solar tech

nology, with eaphasis on applied research and development and 

local production of hardware needed for solar energy installa

tions and specifically for industrial applications.
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BACKGROUND INFORMATION

Tve Royal Scientific Society (RSS) is the aain science and 

technology research institution in Jordan with special attention 

to industrial research and services. The research and develop- 

aent work in solar energy started at the Mechanical Engineering 

Departaent (MED) in 1972.

Since the very beginning of the developaent prograaae the 

MED had devoted extensive efforts towards developaent and optiai 

zation of solar water heaters (SWH) for doaestic use. The 

established product was the result of the trade-« ffs between all 

iaportant design paraaeters covering theraal efficiency, aanufac 

turlng coaplexity, availability of raw aaterials and production 

cost. Many prototypes were aanufactured and tested and the 

results were very proalsing.

The MED then turned to the problea of utilizing solar 

energy for hot water production in Industry since there is a 

large potential fo existing Industries in Jordan to use SVHs.

MED needed assistance to aapllfy the workshop capacity so as to 

enable the establishaent of prototype sol:: industrial water 

heating plants to be Installed in a selected industrial 

enterprise or large public building, and to generate a design 

which is econoaically feasible utilizing locally available 

aaterials, snd requiring only ainlaua of aaintenance.



3. PROJECT OBJECTIVES

The project TF/JOR/82/OOl ales at designing, manufacturing, 

installing and testing of an efficient and economical pilot 

demonstration SWH systems for industrial and large applications, 

based on the experience and state-of-the art technology at the 

RSS. It could be considered as a logical follow-up of the acti

vities conducted during recent years in the field of domestic 

SUHs.

The objectives of this project are the following:

a) Increase of the self-reliance of Jordan in the field of 

renewable energy through the utilization of solar energy.

b) Transformation of locally applied research and development 

into commercially viable projects and advice on local manu

facturing programme.

c) Maximum utilization of already existing know-how to be 

adapted to the manufacturing of large solar water heater 

plants for industrial use.

d) Establishment of designs and models Intended to be used in 

industrial areas, with particular emphasis on low cost produc

tion that can actually be manufactured utilizing locally 

available materials.
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e) Dissemination of all findings and results including designs

and specifications for manufacturing of solar energy equipment 

for the benefit of Jordan, the region, and other developing 

countries.

4. ACTIVITIES AND OUTPUTS PKODUCED

The activities carried out in fullfilment of the project

objectives vere the following:

a) The design of an efficient and economical solar water heater 

system for industrial application taking into account all 

relevant parameters leading to a low cost installation.

b) An industrial estate or public building selection, where the 

first prototype SVH system should be installed serving as

a pilot test demonstration plant. The Jordan Dairy Company 

was selected for the first prototype installation as will be 

described later.

c) The manufacturing of the first pilot plant with the existing 

and newly acquired workshop machine tools snd equipments.

d) The SWH system installation, testing, and modification to 

a rrlve at an optimum performance.

TA
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This activity began on December 1985, where the aanufacturing 

of the system has been needlessly delayed because of materials 

problea, where a lot of the materials received was defective 

or degraded to a stage of uselessness, while another part of 

the aaterials were alssing.

e) The second prototype systea aanufacturing and installation in 

another industrial enterprise or public building, which should 

serve as a second pilot deaonstration system. The Coral 

Beach Hotel in Aqaba, south of Jordan was choosen for the 

second installation.

This activity took place on July 1987, where the manufac

turing of the systea 'as conducted according to schedule, due 

to local purchase of the needed aaterials with a short deli

very tlae. Also all the experience gained froa the first 

pilot plant has it s effect in iaproving the vay of work, 

tiae spent, and in avoiding all the problems that occur 

before.

f) All design drawings and specifications of the SWH systens 

will be given to local aanufacturers, so that the aanufac- 

turlng of large systeas will be carried out under the super

vision and control of the RSS.
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g) Further proaotlon of the application of SWHs for industrial 

use by disseaination of all specific inforaation for the 

benefit of Jordan, the region, and other developing countries 

will be envisaged.

The project inputs needed to perforo the above activities are 

shown in Appendix-1.

4.1 Consultant

The project inputs include a consultant aission to help in 

selecting the location, and designing the two SVH pilot plants.

In close cooperation with the national project aanager and 

RSS staff, the consultant was expected to:

a) Assist in the identification of site locations for prototypes 

of large SWH systeas to be installed in industrial enterpri

ses or public buildings.

b) Aid in optialzation of paraaeters and in the design of large 

SWH systeas.

c) Recoaaend ways and aeans for an effective experlaental setup 

and its iapleaentatlon.

-6-



d) Prepare a final report setting out the findings and recommen

dations for future design aspects.

Dr. Steven V. Szokolay from the University of Queensland In 

Australia came as a consultant In two split missions. The 

first mission was from November 11 to 26,1983 and was covered 

by the report submitted on December 1983, which includes the 

design of the first SVH system of the Jordan Dairy Company. 

The second mission was performed from January 3 to 19, 1937 

and was covered by the report submitted on January 1987, 

which includes the design of second SVH system of the Aqaba 

Coral Beach Hotel.

The two missions of Dr. Szokolay was a great assistant for 

project activities, where discussions and recommendations 

took place regarding site selection and systems design.

4.2 Jordan Dairy Company SWH System

A survey was made to identify the possible candidate fac

tory for the first pilot project that will utilize the SWH 

system for its needs. Jordan Dairy Company was chosen for many 

reasons; e.g. for the required consumption of hot water, the 

suitable location and the available area for the installation 

of the flat plate collectors required in the design.

-7-



To give e quick description of the factory ve can say that 

Jordan Dairy Coapany is located in a snail industrial town naaed 

Ruseifa. It produces ailkt cheese, yoghurt, ice creaa and 

various juice drinks.

The solar heating of water was an iaproveaent to the pro

cess of dissolving the inported powder Bilk that produce 

reconstituted ailk. Cold water was used for this process, however 

in order to reduce process tine and consequently reduce electrical 

consuaption of blenders, hot water quality of 40-45*C teaperature 

is needed. The hot water is also needed for container washing 

purposes with water quality of 60*C. The solar systen is thus 

used to provide these two requireaents.

The total collecting area installed was 128 a^ (96 flat 

plate collectors, 1.3 a^ each) with storage tank of 5 a^ capacity, 

in order to keep water at acceptable teaperature. The fabrica

tion of all coaponents (collectors, tank, collector stands) as 

well as the coaplete Installation was carried out by RSS personnel.

The Installation was alaost exactly ae the initial design 

aade In assistance with the consultant. The only significant



change is that it is not a pre-heater to the existing bo i le r -  

based hot water system, but a completely independent system, 

supplying hot water for processes, as was ordered by the factory 

production management.

The insta l lat ion  has been completed in 1985, where a report 

describing the system and its  performance was submitted to UNIDO 

on May, 1986. Figure (1) shows a schematic diagram of the SUB 

system, and a two days data and evaluation are shown in 

Appendix-2 as an example of the data recorded.

4.3 Coral Beach Hotel SWH System

First a decision was made to Insta l l  the second SUB system 

to a hotel in Aqaba, which is one of the hodest areas, located 

South of Jordan.

The Coral Beach Hotel, which is a low-rise (3 storey) 

building having 95 rooms, was chosen for many reasons:

a) Its reasonable quantity of o i l  that is used for water heating 

(4900 Liter of diesel oil/month), therefore a significant  

o i l  saving could be achieved by insta l l ing  the solar system.

b) There is  a apace for the collector array with area as 

required in the design, on the roof of the single-storey  

boiler house and service building*
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c) There Is adequate space for the storage tank (6 m̂ ) near the 

boiler  room.

The SVH system was installed as a pre-heater to the 

existing boiler system, where a thermostat controls the tem

perature of hot water inside the existing cylinder, which is con

nected tc the boiler tarough a heat exchanger.

The total collecting area installed was 180 a2 <90 flikt 

plate collectors, 2 a2 each), with a storage tank size of 6 m̂

required to keep hot water at the acceptable temperature, taking 

into consideration the available 6 a^ cylinder, so that the total 

storage volume is 12 m̂ .

Fabrication of a l l  components (co l lectors ,  tank, collector  

stands) as well as the complete insta l lation was carried out by 

KSS personnel. The instal lation waj almost as the in i t ia l  design 

made in cooperation with the consultant. Some rearrangements was 

made with regard to the collectors plan, where connection pipes 

between panels were not taken into account in the arrangement 

made by the consultant, also the collectors were a l i t t l e  larger  

in size when manufacturing. So 5 instead of 6 collectors were 

put in each set and one more row was added to get the required
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collection area, which iollowa a reduction in the anace between 

the rows fron about 2.A ■ to 1.85 a. This w i l l  cauae a alight  

overshadowing after 3.00 p.a. in Deceaber, which should not 

affect the overall efficiency of the systea concerned.

The collector used were aore developed than the collectors  

used for the f i r s t  systea both in aater la ls  and in sise (1 a 2 a ) ,  

where an inprovenent was done to avoid welding points in the 

absorber plate and using aluainua fraae for the case of the

co l lector .

The installation was coapleted this year 1987, where a 

report describing systea instal lation including lnstruaentatlon 

needed for evaluation, was subaltted to UNIDO on October 1987. 

Figure (2) shows a schematic dfagraa of the SUH systea, and a two 

days data and evaluation are shown in Appendix-3, as an exaaple 

of the data recorded, where the systea testing and evaluation has 

been carried out since two nonths, and until this tine.
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5. A C T I E T m n  OF IMMEDIATE OBJECTIVES

To state the extent to which the immediate objectives were 

achieved we have to mention the following:

a ) Jordan se l f - re l iance  was increased so nuch in the f ie ld  of 

solar energ, where the act iv it ies  cn solar energy began in 

1972 by aannfacturing nnits of SHI at the NED, bnt a fte r 

wards and considering the importance of energy, and as a 

result of the remarkable success in developing the use of 

solar energy for different purposes, the ISS upgraded the 

Solar Energy Section at the MED by establishing a Solar 

Energy Research Center (SERC) on November 1983, with the 

objective of placing more emphasis on research and deve

lopment work in the f ie ld  of renewable energy. A main sec

tion of the SERC is the solar collector application section 

which works mainly in water heating by solar energy for 

doaestic and industrial uses. The other two sections are a 

wind energy section, and a photovoltaic section.

b) A lot of research and development work related to the equip

ment and instruments used in solar collector applications 

was conducted. The RSS had designed and produced pilot
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■ytteai of SVH in Its  well equiped workshop and signed three 

•greeaents with local aanufacturers for aass production for 

local aarket and exports under supervision and control of 

the ISS.

c) The previously designed f la t  plate collectors and SVH's were 

iaproved and upgraded, where ISS has successfully developed 

SVHs for different applications taking into consideration:

-  Low cost of units ,

-  High effeclency,

-  Ease of insta l lation to existing structures,

-  Use of aateria ls  noraally available in the country,

-  Ease of production using slaple aachlne shop equipaent.

d) The existing know-how which was developed by strengthening 

the local aanpower capabil it ies in the f ie ld  of SVH Industry 

was utilized in the design, aanufacturing, insta l la t ion ,  and 

evaluattion of large SVH plants which was executed in a good 

and coapetent Banner.

e) In the f ie ld  of dissealnatlon of findings and results we can 

say that the RSS is always participating in the training of 

local aanpower working in local industries related to SVH's.

-15-



Training courses are always held for both engineers and 

techniciancs. A special training course for 20 engineers 

and technicians froa eleven Arab countries was held in 1980. 

Also a aeainar on manufacturing and Instal lat ion of SUB was 

held for local aanufacturera in 1986. Two seainars for 

local manufacturers were held in 1987 in cooperation with 

Ministry of Energy and Mineral Resources. A l l  related 

Information are provided for developing countries whenever 

i ts  needed.

6 . UTILIZATION OF PROJECT RESULTS

Since this project in its  original objective reprsents a 

logical follow-up of the past act iv it ies ,  one of its  main 

results was strengthening of local know-how and manpower capabi

l i t i e s  in the f ie ld  of SWH application through the different  

project activ it ies  and Inputs (workshop equipment and expendable 

equipment). Also since SWH technology for industrial applica

tions was not readily available , new designs and manufacturing 

techniques of f la t  plate collectors and SWH systems were 

developed in order to reach optimum designs for dif ferent appli 

cations, one of which is the large and industrial application.
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Uti l iz ing  the new workshop equipments and the improved 

local know-how the RSS produced many SVH units as a pilot pro

duction. These units were installed at different locations in 

Jordan. The experience gained in this process lead to lots of 

changes and f ina l  designs. Afterwards the SVHs became more 

popular and widely accepted and uti l ized with the continuous 

back-up provided by the RSS to local manufacturers to upgrade 

and improve their products.

Nowadays there are approximately 40 manufacturers of SVH 

in and around Amman, 3 of which are large factories who works 

according to RSS specifications and supervision, while the rest 

are normal workshops, who gets recommendations and advice on 

their designs and production techniques from the RSS.

About 25Z of the total number of houses in Jordan u t i l i 

ties SVH for domestic use, which means about 90,000 units. This 

number is expected to reach 250,000 units by the year 1995.

Also during the execution of this project, two eff ic ient  

and economical pilot demonstration SVH systems for industrial  

application were designed, manufactured, installed and tested 

one for a factory, while the other is for a hotel.
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The two systems are wel l -uti l ized  leading to a significant  

energy savings perhaps for the hotel sore than for the factory, 

but the two aanageaents are satisf ied and great fu l l  for such new 

technology that was proved to be economically feas ib le .

Many other Industrial enterprises and public buildings 

were encouraged to u t i l ize  such technology as a result of the 

reaarkable success of t ie  two prototype systeas.

7. COHCLPSIOHS

1. The experience gained fron this project leads to lots of 

changes in the designs and aanufacturing techniques in the 

f ie ld  of SWH applications. Nowadays Jordan has passed the 

stage of prototype production and can offer  coaercialized, 

technically well-designed and tested SUH systeas for both 

domestic and Industrial applications following the local well 

strengthened know-how.

2. As a result of the assistance and back-up provided through 

this project, the ESS designed SHHs following the cr iter ia  

of low cost of units which can be easily  Instal led, aaln-  

talned, and produced using the available aater la ls  and 

siaple aachlne stop equipaents.
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3. The pay-back tine of the ve i l  designed and nanufactured SUM 

(3 collectors vith an area of 4 ■?, 150 L storage, 1 a3 coi 4 

water tank, including piping and racks) is 4 years with an 

expected l i fe t ine  of at least 15 years.

4. The Jordan Dairy Company SHH systen is a success producing 

quite high tenperatures• An inapection of the long tern 

readings shows the following results concerning the perfor-  

■ance of the systen:

a) The systen is capable of producing hot water of quality  

■ore than 50*C throughout the year, eventhough no high 

radiation would occur for several days,

b) The net daily energy collection varies fron about 100 to 

250 kWh, averaging sone 150 kVh,

c) The collection efficiency at the tine of peak irradiance 

can reach 0.4 and often exceeds 0.3,

d) The dally average efficiency of the whole systen rarely  

reaches 0.3 and the long-tern average is only about 0.15,

e ) The daily amount of energy supplied to the factory 

varies between about 0 and 200 kWh.
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5. The Coral Beach Hotel SUH aystea is another success serving 

as a preheater to the existing hot water system, shoving a 

significant energy savings, and quite high effic iency. An 

inspection of the available readings show the following 

general results concerning aystea perforaance, taking Into 

consideration that the available data was recorded during 

winter tiae:

a) The perforaance of the systea is better than that 

installed at the Dairy Conpany which is due to higher 

consumption of hot water (5a3/day ainiaua -  15 a3 May 

naxiauo) which allows for wore energy collection, and 

so higher effeciency,

b) The dally energy collection varies fron about 250 to 

400 kVh averaging sooe 340 kVh,

c) the hourly collection effeciency at tine of peak i r r a -  

diance can reach 0.50, and often exceeds 0.30,

d) The daily average effeciency of the whole systea is 

about 0.19,

e) The dally aaount of energy supplied to the hotel fron 

the solar systea varies fron 100 to 400 kVh.
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6 • In fact, these experimental installations of the two large 

solar water heatng systems in Jordan forms a starting point 

for better and more effeclent systems which may be Installed  

in the future.

7. One of the main benefits of this project is the "hands on" 

experience gained by a l l  the people involved, from design 

engineers to technicians, workers and the monitoring person

nel. These experiences w i l l  be put to good use in the next 

future projects.

8. 1EC0HHENDATI0HS

At present stage, the RSS has done as much as could be 

done with the galvanized steel for low and medium temperature 

applications, with lots of developments regarding the improve

ment of thermal contact between absorber plate and r iser  tubes. 

These developed technologies has already been transfered to 

several commercial firms.

With regard to future work, an extension of this project 

is  desirable, where technical assistance is needed in the f ie ld  

of introducing selective solar surface technology for  

transparent covers and for absorber plates of SVH systems in
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indu t r ia l  areas through local manufacturing. Through these 

surfaces, it  is possible to extend the operational temperature 

of f la t  plate collectors to possible more than 100*Cf thus 

opening a wide range of application in industrial process heat 

and boiler preheat. Also an increaaed collector performance 

based on selective surface technology would allow a decrease in 

the size of collectors needed.

The technical assistance needed f i t s  within the proposed 

activ it ies  mentioned by UNIDO industrial development o f f icer  

Nr. J. Furkus in his report subnitted on 26 of Nay 1987, 

covering his mission to the RSS between 8 - 1 5  Nay, 1987.

The scope of technical assistance proposed would enable 

the country to take appropriate decisions and to find respective 

solutions required.
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APPENDIX - 1

Project inputs

- 23 -



6. Project Inputs

( 1 ) Consultants

a )  Design engineer

(2 )  Special workshop equipment

-  1 Stamping machine

-  1 Shearing machine

-  1 Bending manchine

-  1 Automatic welding machine

-  1 Automatic d r i l l in g  machine

-  1 tforking/assembly bench

(3 )  Special testing equipment

~ Data acquisition systems

-  Thermocouples

-  Flowi.eters

-  Solarlmeters

-  Integrators
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(4) Expendable equlpnent

This itea includes:

Tools

■ aateria l  for workshop act iv it ies

-  Necessary aateria l  for two sequential prototypes 

production and installation

(5) Miscellaneous

-  Transport vehicle

-  T rave l ing

~ Monitoring reviews and evaluation aeetings.
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APPENDIX - 2

Two days data and evaluation sheets of the SWH system 
in the Jordan Dairy Company
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ROYAL SCIENTIFIC SOCIETY 
SOLAR ENERGY RESEARCH CENTER 
COLLECTOR APPLICATION SECTION 

JOROAN DAIRY COMPANY SOLAR HOT WATER SYSTEM

~  TABLE<1-A)I HOURLY AUERAGE OATAt4

“ DATE I 24/N/BA

HOUR (1) (2) (2) (4) (9)
99 « ««4 91 • - - - -

H 9241 -
94 • .99 - - - - -94 • • • - ••a 97 _ - _ • -99 21 29 - - -•• -  .U_X2____U _ - . . - _____ , _ -19 99 49 24 - 70It 99 79 27 79 7412 92 72 21 90 79« 12 «9 74 29 79 7914 «9 92 94 77 91
XL.12__ ..3»__ .91 . 921« 97 49 • - •

•A 17 - - - - -19 • • • • -
•* 19 - - - - -29 • ' • « • •
4* -  »

• • • .22 • • • • •
»4 22 « - - - -

TOTAL

(4) < 7 > (8> (9' (10) <11 )
. 0 0 0 21 0
- 0 0 0 20 0
- 0 0 0 19 0
- .0 0 0 19 0
2) 0 0 0 18 0
24 0 0 0 17 0

- 0 27 19 17 0
. 0 174 62 20 0
• 4). 72 247 106 22 .04
- 42.92 964 129 26 .09
« 44.24 722 146 28 .28
• 44.47 928 196 21 .49
• 40.9 979 162 22 .46
. 49.22 8»9 179 24 .46
- 47.77 776 298 29 .22

22 49.96 622 410 24 .26
• 49.22 428 292 22 .09
. 0 222 222 21 0
- 0 44 44 29 0
• 0 0 0 27 0
« 0 0 0 26 0
• 0 0 .0 24 0
- 0 0 0 22 0
- 0 0 0 22 0

6999 2279

(12) (12) (14) ( 19 > I 16)
0 0 0 99
0 0 0 99
0 0 0 99
0 0 . . . . Û .... -99 .
0 0 70 129 99
0 0 70 722 90
0 0 0 90
0 0 0 90
0 0 0 90
0 - 0 • ^ 0 . . . 90
0 .1 0 90
. 14 .02 0 92
.17 .02 0 97
.19 .01 0 42
.12 .01 0 66
.07 .06 77____ .12 2 L . il___
0 0 0 66
0 0 0 66
0 0 0 46
0 0 0 46
0 0 0 46
0 0 ___?____ 0
0 0 0 44
0 0 0 46

31)2

(17)

1) COLLECTOR_I>».ET_ JfMPERATURE ,
2) COLLECTOR OUTLET TEMPERATURE 
2) BOTTOM STORAGE OUTLET
A) TOP STORAGE INLET 
9) MID STORAGE INLET
4) BOTTOM STORAGE INLET FROM COLD WATER SUPPLY 
_7> COLLECTOR FLOW RATE <LPMl_
• > TOTAL RADIATION (WATT/sq. a)
91 DIFFUSE RADIATION (WATT'kq. a)
19) AMBIENT TEMPERATURE
11) PERCENTAGE OF TIME OURINC WHICH PUMPS
12) PERCENTAGE OF TITC DURING WHICH UPPER 
12) PfRgjgAGE, BE. IJ"E_PU^1NG. WHICH LOWER 
14) TEMPERATURE OF NOT WATER TO FACTORY 
19) FACTORY CONSUMPTION OF WATER (LITER)
1A) INITIAL AUC. TEMP. OF STORAGE TANK 
17) FINAL AUC. TEMP. OF STORAGE TANK

WERE ON 
UALUE WAS OPEN 
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ROYAL SCIENTIFIC SOCIETY 
SOLAR ENERGY RESEARCH CENTER 
COLLECTOR APPLICATION SECTION 

JORDAN DAIRY COMPANY SOLAR HOT WATER SYSTEM

TABLE!1-B)I HOURLY AVERAGE DATA A ENERGY

OATEi M/N/M

■■ HOUR (IS) (19) (29) (21) (32) (33) (34) (39) (24 ) (27) (20) (39) (30) (91) (92)
u II 39 33 92 43 44 4« 71 71 71 99 m 0 0 0 0St 32 33 92 43 44 49 71 71 71 99 • 0 0 0 0BS ■-M---- —W ----— 91--- — - 44 - - 49 • • ■ 71.... 71 71 99 .... 0 o--- ■•-0 — -- 0. ....

S3 32 34 91 43 6* 49 70 70 71 9« • 0 0 0 0•4. 32 34 91 43 44 49 70 70 70 99 10 . 0 0 0 9999ss 24 27 30 43 99 49 47 70 70 91 19 0 0 0 99240M 24 24 29 40 99 44 .47 70 70 90 0 0 0 0•7 24 27 29 40 99 44 47 70 70 90 0 0 0 0-24---- -22---- 29 -.49.- ■-.97 . 44 47.... 70 70 90 ... *71 •«—  . . .0..... . o..
if 24 27 2S 40 97 44 47 70 70 90 3244 0 0 0IS 24 27 31 49 40 44 47 49 70 92 17314 0 12039 0
M 27 31 43 99 47 49 49 70 70 97 30939 3422* 4471 012 31 44 49 49 71 73 73 72 73 44 93313 5 7327 2499 013 41 41 49 71 74 79 79 79 79 70 27097 19421 1932 0«A --14--S3---- -49----— 71 • 24 - ...37 ~ .73 • .- 77 77 73 -.14919 9449.. -.714----0 •
1« 32 39 43 71 74 74 77 77 77 44 23 22447 11992 9929 92419
14 32 34 44 70 74 77 77 77 77 44 • 1942 0 0 017 32 34 44 70 79 77 77 77 77 44 - 0 0 0 0«i IB 32 . . 39 49 70 79 77 77 77 77 44 . 0 0 0 0
19 32 34 44 70 ”•9 77 77 77 77 44 • 0 0 0 04 f 4 ft -7J 77 • ?? 77 77 . 0 , . _ 0.' — • 0 . ...0
21 32 34 43 70 79 77 77 77 77 44 • 0 0 0 0

94 22 39 37 42 70 79 77 77 77 77 44 - 0 0 0 0
23 39 37 42 70 79 77 77 77 77 44 - 0 0 0 0• — ««■94* . ..
TOTAL 193934 92492 31972 77422

■ — — ... ..... . . ... ..... ........ • .. ... . . . . . .. _
12-24) MALL TEMP.OF STORAGE TANK AT * POINTS EQUALLY SPACED ALONG VERTICAL

LINE* WITH IS IS TEMP. AT THE LOWEST POINT ANO 2« IS AT THE HIGHEST 
27» AUE. TEt*. OF STORAGE TANK 
SSI TEMP. OF COU) WATER TO SUPPLY TANK 
291 SOLAR ENERGY COLLECTEO (WATT.HR)__IS) ENERGY TO.STORAGE THROUGH UPPER VALUE (WATT.HR).
M l  ENERGY TO STORAGE THROUGH LOWER VALUE (WaTT.HR)

* 321 ENERGY FROM STORAGE TO USER (WATT.HR)



t

1/

ROYAL SCIENTIFIC SOCIETY 
SOLAR ENERGY RESEARCH CENTER 
COLLECTOR APPLICATION SECTION 

JOROAN OAIRY COMPANY SOLAR NOT WATER SYSTEM

TABLE(1-0 I DATA EVALUATION

DATEI S4/MSB*

4« HOUR (1) (3) (3) (4)
44

41 4 0 • -

43 4 4 • •

43 0 0 - -

• - -44----- 4 4 • •

44 4 4 • -

— 44 ----47---...12----- -

47 174 113 . -

44 347 341 7 340
1 44 444 437 30 *36

14 733 477 13* *44
11 434 473 242 986

— 14----------------- -474— -------714 240 614
13 444 444 211 6*8
14 774 414 127 644

, 1* 433 322 177 49*
14 434 44 12 424
17 333 11 - -

- -as--- — di -.— 4 •<■4 •• - • • -  • •

14 4 4 - -
«4 34 4 4 • »

31 4 4 • -
•A 33 4 4 « -

33 4 0 - -

TOTAL 44*4 4274 1201 4877

(9) (6) (7) (8) (4) (10) (11)
0 0 0 0 • •>249 24* - .. . . . . .

0 0 0 0 -140 180 .

0 0 0 0 -344 344 •
0 0 0 0 -224 228 •
0 0 0 9993 -9**3 0 •

0 0 0 34240 -4*872 6612 -

0 0 0 0 0 0 • . . . . .

0 0 0 0 0 0 .

0 0 0 0 0 0 .02
0 0 0 0 -172 172 .0*
0 12839 1243* 0 12439 0 . 19
24826 4471 24247 0 24247 0 .24
27327 2499 29426 0 29424 0 .... . .  ...»------

14681 1932 21213 0 21213 0 .24
9440 714 10194 0 10194 0 . 14
11398 4929 20883 32419 -11732 0 .28
0 0 0 0 0 0 .03
0 0 0 0 -96 94 -

0 0 0 o ---------- — .-34*.------
0 0 0 0 -204 204 -

0 0 0 0 -143 143 •

0 0 0 0 -491 491 -

0 0 0 0 0 0 •

0 0 0 0 0 0 -
-------1 „M * --- .  «  .  m, m m m mm ■  6 8 M

92632 31978 124210 77424 37444 9314

1) TOTAL SOLAR INCIDENT (UATT.HRsaq.n>
3) DIRECT SOLAR INCIOENT (WATT.HRsaq.a)
3) SOLAR SHEACY-COLLGCTGO-XWATT.HRVaq ..»>
4) COLLECTOR HEAT LOSS Cl-31 (WATT.HRs»q.»>
5) ENERGY TO STORAGE THROUGH UPPER VALUE (WATT.HR) 
«1 ENERGY TO STORAGE THROUGH LOWER VALUE (WATT.HP* 
7) ENERGY TO STORAGE I9»41 (WATT.HR)
•) ENERGY FROM STORAGE TO USER (WATT.HR)
It) STORAGE HEAT LOSS (7-4-91 (WATT.NR)
11) HOURLY INTEGRATED COLLECTOR EFFECIENCY IJ/'JI

A) DAILY EFF. OF SOLAR COLLECTOR STORAGE SYSTEM ■ .14

B) DAILY EFF. OF STORAGE TANK ■ .»2

C> DAILY SOLAR RAOIATION (WATT.NR) • 43732*

0) DAILY COLLECTED ENERGY (WATT,HR) ■ 1*3343



RO''AL SCIENTIFIC SOCIETY 
SOLAR ENERGY RESEARCH CENTER 
COLLECTOR APPLICATION SECTION 

JOROAN OAIRY COMPANY SOLAR NOT WATER SYSTEM

TABCE(2-A>I HOURLY AVERAGE DATA

“ DATEI

+» HOUR <1> (2) (2) (4) (9) (6) (7) (0> (9) (10) (It) (12) (13) (14) (19) (16) (
ss 0 0 0 21 0 0 0 • 0 66 64H St m • • • • 0 0 0 20 0 0 0 • fl 64 46
S2 m • 0 0 0 30 0 0 0 - 0 66 49H «> - • 0 0 0 21 0 0 0 • 0 • 4« ■ 69
04 m • . 2* 0 0 0 21 0 0 0 76 1091 69 94«« OS m _ 0 0 0 19 0 0 • 0 • 0 94 94
0« • • 21 0 27 19 18 0 0 0 76 418 94 40•i 02 - m 31 0 179 67 30 0 0 0 79 369 49 44
OS 22 22 • . - 41.91 377 109 32 .04 0 0 - 0 *4 44h- — OS— -22--— 02--- -24.. - 92 • 43.3« «9» 137 29 .17 0 .07 • 0 - A4. .. 49
10 44 42 24 44 . 40. IS 707 199 28 .39 0 . 13 • 0 49 48W 11 40 44 24 73 • 90.28 812 168 31 .41 0 . 17 • 0 48 93
12 S4 22 2S 77 • 49.86 099 182 31 .43 0 . 14 • 0 93 97

1 »4 12 S2 71 20 • 20 76 . 49,02 899 203 32 .49 .13 .01 « 0 97 61
w 14 S* 24 41 20 SO • 49.93 777 333 32 .37 . 13 .02 - 0 61 44
o — IS— 41---- 20--- _  . . • _ 20 48.01 638 484 33 .19 0 0 76.. . .994— . 44. 43

14 40 24 • 20 90.42 .449 427 30 .06 0 0 76 340 62 90
•A 12 w * 0 240 231 20 0 0 0 • 0 99 90

is • 0 44 44 26 0 0 0 • 0 99 90
H' 1* 0 0 0 24 0 0 0 - 0 99 90

29 _ 0 0 0 33 0 0 0 - 0 99 90
' — _  21— . _ _____ - __ - __ . m 0 0 0 22 0 0 0 .... 0—  .. .. JO.. .. ... SO

22 • . 0 0 0 21 0 0 0 m 0 90 90
22 - - - - - - 0 0 0 20 0 0 0 0 90 SO

TOTAL 6914 2999 3068

I?)

--- U. COU rCIOR IMLET-TPBERATURE
2) COLLECTOR OUTLET TEMPERATURE
3) BOTTOM STORAGE OUTLET
4) TOP STORAGE INLET
5) MIO STORAGE INLET
•> BOTTOM STORAGE INLET FROM COLO WATER SUPPLY 
21 COLLECXOR-ELOU -RATE LLPM)S> TOTAL RAOIATION (WATT/»q. • >
0) DIFFUSE RADIATION (WATT/*q. m)
IS) AMBIENT TEMPERATURE
U >  PERCENTAGE OF TIME DURING WHICH PUMPS WERE ON 
12) PERCENTAGE OF TIME DURING WHICH UPPER UAL «JE WAS OPEN 

' «  » »  OUR IMG WHICH LOWER VALUE WAS OPEN
14) TEMPERATURE OF HOT WATER TO FACTORY
15) FACTORY CONSUMPTION OF WATER (LITER)
14) INITIAL AUC. TEMP. OF STORAGE TANK 
12) FINAL AUC. TEMP. OF STORAGE TANK



ROYAL SCIENTIFIC SOCIETY 
SOLAN ENERGY RESEARCH CENTER 
COLLECTOR APPLICATION SECTION 

JORDAN DAIRY COMPANY SOLAR NOT WATER SYSTEM■ ••«•••■•••Si
TABLE(2-B)■ HOURLY AVERAGE DATA * ENERGY

DATEa 29/99S04

HOUR (19) (19) (24) (31) (22) (23) (24) (29) (26) (27) (29) (29) (30) 131 > (32)
ss 39 32 41 24 29 77 77 77 77 66 0 0 0 0
•1 39 39 41 24 79 76 76 76 76 49 .4 0 0 0 0

— -#•— -94-----99---- — 24 - 29 76 76 76 76 69 . 0 0 0 —  9
•3 39 34 44 20 74 76 76 76 76 49 - 0 0 0 0•4 29 33 42 40 70 74 76 76 76 61 19 • 0 0 0 63044•9 24 24 24 41 42 71 79 76 76 94 - 0 0 0 0
94 39 29 24 32 49 64 72 76 76 90 30 0 0 0 26 742
92 24 24 24 29 40 99 70 74 76 46 32 0 0 0 23117— 94--- - -94-- 24 - - 39 94 69 74 76 • 1206 0 0 ■ 0
99 24 24 34 22 34 99 68 74 76 49 - 10230 0 9700 0
19 24 34 24 33 92 99 66 74 79 49 - 10436 0 19010 0
11 24 24 34 91 43 67 67 71 74 94 - 30106 0 27219 0
12 39 34 91 43 49 71 71 71 73 40 • 30146 0 23039 0
13 39 91 43 49 73 74 74 74 74 47 - 24697 21447 2099 0o — 4»--- — 49 23 74 79 79 79 79 70 • ■ 22293 16974 • >944 • • 0 • •
19 39 92 44 22 74 76 76 76 76 70 23 3734 0 0 9994* 14 39 31 34 42 49 72 74 76 76 99 29 783 0 0 13240
1? 39 34 33 43 44 72 74 79 76 99 - 0 0 0 0
19 39 34 34 42 49 72 74 79 79 99 - 0 0 0 0
19 34 34 34 41 48 72 ••4 79 79 99 - 0 0 0 0

—  29 *— -34-- __)|---—  «1 .. 49 • ■ ... p2 .. . 74 - ■79 79 •• 0 0 • — 6--- ...-0
21 39 34 39 40 49 72 74 79 79 99 - 0 0 0 0
22 39 34 34 40 48 72 74 79 79 99 - 0 0 0 0

w 23 34 34 34 40 49 72 74 79 79 99 • 0 0 0 0

TOTAL 143943 39041 79443 136997
19-2«) WALL TEMP.OF STORAGE TANK AT * POINTS EQUALLY SPACED ALONG VERTICAL 

LINE, WITH IS IS TEMP. AT THE LOWEST POINT ANO 2« IS AT THE HIGHEST 
3?) AWE. TEMP. OF STORAGE TANK 
2S> TEMP. OF COLO HATER TO SUPPLY TANK 
29) SOLAR ENERGY COLLECTED (WATT.HR)

— W ) ENERGY—TO STOWAGE THROUGH -UPPER VALVE (WATT.HR)
21) ENERGY TO STORAGE THROUGH LOWER VALVE (WATT.HR)

* 32) ENERGY FROM STORAGE TO USER (WATT.HR)



ROYAL SCIENTIFIC SOCIETY SOLHR ENERGY RESEARCH CENTER COLLECTOR APPLICATION SECTION JORDAN DAIRY COMPANY SOLAR HOT WATER SYSTEM

TABLE<2-C)I DATA EVALUATION

DATE I
té HOUR (1) (2) (3) (4) (9) (4) 17) (9) (*) (10) (ID
----vs--- * ..‘'9--- " 0 • . 0 0 0 0 0 oV 0 - - e 0 0 0 -479 479•t V V • - 0 0 0 0 - 344 344• M V 0 - - 0 0 0 0 -*0 *0•4 V 0 - - 0 0 a 4)944 -477)9 39*1H • 0 - - 0 0 0 0 -242 ?é9-s« • - 97- • 12 - - 0 0 0 24742 -29494 1724t? 17* lev - - 0 0 0 2)117 -29717 2400SB 377 272 * 36V 0 0 0 0 -144 144 . 0)os Iff 41S • 0 479 0 9700 9700 0 9700 0 . 141 IV 7V7 94S 144 963 0 19010 19010 0 19010 0 .2u * JJ Sll 443 239 974 0 2721* 2721* 0 2721* 0 .2*KJ It ' — ---SB* 477 220 43* 0 23039 23039 0 230)9 0 .24ss* 4*2 224 431 214*7 20*9 23992 0 2)992 0 .24' 14 777 444 174 403 14974 2384 19*99 0 19*99 0 .22If 43S 194 2* 40* 0 0 0 **94 -**94 0 .0914 44* 22 * 443 0 0 0 13290 -19937 9297 . 011? 94V * - - 0 0 0 0 •420 420—  —tv--- ----- 44--- - - 0 0 0 0 -420 420 " -_-V V - - 0 0 0 0 • 499 4999V V V - - 0 0 0 0 0 0 m>1 V 0 - • 0 0 0 0 -421 421 m99 V 0 - • 0 0 0 0 -374 374 m93 V 0 • - 0 0 0 0 0 0 m*- 4WW9V Siiill '4 » V* ¿¿'mmmm'-mkTOTAL 4*14 3*9* 1121 4*07 39041 7944) 11)904 1)4*97 -40944 17111

1) TOTAL VOLAR INCIDENT (WATT.HRsaq.n) A) DAILY EFF. OF SOLAR COLLECTOR STORAGE SYSTEM ■ .129) DIRECT SOLAR INCIOENT (UATT.HR/aa.m)—  n  SOLAR-ENERGY COLLECTED (UATT. HR/'tq. m) - 14) COLLECTOR NEAT LOSS 11-3) (WATT.HRssq.m) B) DAILY EFF. OF STORAGE TANK • .09V) ENERGY TO STORAGE THROUGH UPPER VALVE (UATT.HR)4) ENERGY TO STORAGE THROUGH LOUER VALUE (WATT.HR)7) ENERGY TO STORAGE 19*4) (UATT.HR) C> DAILY SOLAR SAD1AT 1ON (UATT.HR) ■ 9)1707S> ENERGY FROM STORAGE TO USER (UATT.HR)--*)~HOURCY “INCREASE- TM STORED' ENERGY (UATT. HR) .... ■ — --IV) STORAGE HEAT LOSS (7-S-SI (UATT.HR) D> OAILY COLLECTED ENERGY (UATT.HR) • 14)12*11) HOURLY IHTCGRATED COLLECTOR EFFECIENCY 13/-11



APPENDIX - 3
Two days data and evaluation sheets of the SWH system 

at the Coral Beach Hotel
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ROYAL SCIENTIFIC SOCIETY SOLAR ENERGY RESEARCH CENTER COLLECTOR APPLICATION SECTION A0A8A CORAL BEACH HOTEL SOLAR HOT WATER SYSTEM
TABLE!1-AX HOURLY AVERAGE OATA

«» OATEt U/1S/I7
HOUR <1> (2> (9) <4) (S) < 6 ) < 7) (8 • (9) l 10) (11) (12) l 13) (14) ( 19) (16) (1
ss 0 0 0 1» 0 0 0 • 0 49 44

a 01 • • . • 0 0 0 18 0 0 0 - 0 MM 44
02 * • 0 0 0 18 0 0 0 - 0 MM 44

t* _JU_ - • • - - - 0 0 0 I» 0 0 0 0 MM 44
04 • • . « 0 0 0 17 0 0 0 • 0 MM 44
OS • • • 20 0 0 0 1? 0 0 0 60 3? 4 MM 41
04 • • • 22 0 0 0 17 0 0 0 61 1166 4 1 31

'S 07 • • 22 0 38 19 17 0 0 0 60 «01 31 26
00 m _ 23 0 77 92 19 0 0 0 41 1983 26 23

»• OS 24 20 $3 • 2S • 146 187 19? 20 .17 0 . 12 - 0 . ... 23 29
is 20 94 20 • >A 29 149 644 949 2? .80 0 .87 20 69m 29 31

i. 11 90 41 99 41 26 148 864 997 2» 1 0 1 39 689 31 39
12 42 4S 49 - 49 26 148 992 98 24 1 0 1 42 499 39 4«

»« 19 SO S7 SI S? 26 148 1034 92 29 1 0 1 90 497 48 96
14 S? 42 S7 • 62 . 192 974 826 29 1 0 .99 - 0 96 99

A- IS SO 42 • • . 198 818 818 26 1 0 0 - 0 99 99
--------- SO“ ' *V ' . • • 198 989 989 29 1 0 0 - 0 " 99 ' 99

\7 S9 SS 27 194 123 123 24 .2 0 0 60 1207 94 96
V§ 27 0 0 0 23 0 0 0 99 899 96 90
\9 _ 26 0 0 0 21 0 0 0 97 697 90 49
73 29 0 0 0 20 0 0 0 96 392 49 43
21 29 u 0 0 20 0 0 0 99 1021 43 36

~  - 22 24 0 0 0 19 0 0 0 96 746 ' 36' ' 31
IS 29 - - - - - 24 0 0 0 19 0 0 0 99 846 31 27

TOTAL 6336 3911 11693

1) COLLECTOR INLET TEMPERATURE— 2 »' COLLECTOR OUTLET "TEMPERATURE9) BOTTOM STORAGE OUTLET4) TOP STORAGE INLET**> MID STORAGE INLET«> BOTTOM STORAGE INLET FROM COLO WATER SUPPLY• - 7> COLLECTOR FLOW RATE (LPM)• --STWAL"R«MilATlOM'!WATT>«q: • )*) DIFFUSE RAOIAT ION (WATT/sq. a)IS) AMBIENT TEMPERATURE• 11) PERCENTAGE OF TIME DURING WHICH PUMPS WERE ON12) PERCENTAGE OF TIME OURING WHICH UPPER VALVE WAS OPEN1)) PERCENTAGE OF TINE OURING WHICH LOWER VALUE WAV. OPEN“ 14) "TEMPERATURE ÖFi * * 4 * * * * * * * 12 * * IS) * 17" HOT' WATER TO MOTEL
IS) HOTEL CONSUMPTION OF HOT WATER (LITER)1«) INITIAL AUC. TEMP. OF STORAGE TANK17) FINAL AUE. TEMP. OF STORAGE TANK



; s *  -  \_____
ROyaL scientific societySOLMR ENERGY RESEARCH CENTER COLLECTOR APPLICATION SECTION AQABA CORAL BEACH HOTEL SOLAR HOT WATER SYSTEM

TABLE!1-B)i HOURLY AOERAGE DATA A ENERGY
DATEI

•M HOUR (18) <19> (28) (21) (22) (23) (24) (29) (26) (27) (28) (29) (30) (31 > (32)
44 88 29 24 27 29 42 60 63 64 64 49 0 0 0 0 081 29 24 27 29 41 99 63 64 64 44 0 0 0 0 0- 8» ■-29-----------— 24---------------2P------- »9--------- 40 99 63 • ■ * 64 64 44 0 0 o --------- o - 0 . ...83 29 24 27 29 40 98 63 63 63 44 0 0 0 0 084 29 24 27 29 40 98 62 63 63 44 0 0 0 0 089 29 24 27 28 36 94 62 63 63 43 .23 0 0 0 1920284 -23 24 24 27 29 38 82 61 63 38 .08 0 0 0 937798? 22 22 22 29 26 27 29 39 86 29 0 0 0 0 27049— 88—-88-- —22---88--- -2* - 23 • 24 26 27 31 24 0 0 0 0 206400* 23 23 23 24 24 24 24 29 26 24 .17 9390 0 8396 018 28 28 28 28 28 28 28 28 28 28 .17 91882 0 92723 220111 39 39 39 39 39 39 39 39 39 38 .01 63744 0 60796 479912 43 44 44 44 44 44 44 44 44 44 .31 73268 0 62443 8421 . 13 91 92 92 92 92 82 82 92 92 92 0 69962 0 93893 193114 -98-----------—92-------- -9* - 99 99 89 89 89 99 99 0 97006 0 26802 ■ 019 48 41 41 41 61 61 61 62 62 6) 0 44933 0 0 014 48 41 41 61 61 61 61 62 62 ft J 0 19299 0 0 017 91 97 98 98 98 89 8? 61 62 98 0 3943 0 0 2200318 28 34 92 97 98 88 88 99 60 92 0 0 0 0 3230919 27 - 28 32 91 97 98 88 98 8V 48 0 0 0 0 23994

— 28-24-----------— 27-------- ------28 — 31 92 97 87 98 98 44 .23 0 o ... . 0 1277121 29 24 27 28 31 41 96 98 88 38 .06 0 0 0 37014** 22 29 24 24 2* 28 29 41 96 98 34 0 0 0 0 2719923 24 29 24 26 2* 27 28 32 46 28 0 0 0 0 30429
TOTAL 393343 0 264973 311726
18-24) WALL TEMP. OF STORAGE TANK AT 9 POINTS EQUALLY SPACED ALONG UERTICAL LINE, WITH 18 IS TEMP. AT THE LOWEST POINT AND '¿6 IS AT THE HIGHEST 
27'. RUE. TEMP. OF STORAGE TANK28) PERCENTAGE OF TIME DURING WHICH BOILER WAS ON 2*1 SOLAR ENERGY COLLECTED (WATT.HR)- -984—ENERGY- TO STOWAGE TIWOUT.il UPPER UAL WE (WATT. HR)311 ENERGY TO STORAGE THROUGH LOWER UALUE (WATT.HR)32) ENERGY FROM STORAGE TO USER (WATT.HR)



ROYAL SCIENTIFIC SOCIETY SOLAR ENERGY RESEARCH CENTER COLLECTOR APPLICATION SECTION AQABA CORAL BEACH HOTEL SOLAR HOT WATER SYSTEM

TABLE! 1-0) OATA EVALUATION

DATE« H/ll/17
«: HOUR (1) (2) (3) (4) (9) (6) (7) (8) (9) (10) (11) (12)
64 ...It. _ _ » ___ .... r 0 0 0 0 -2018 2018 . 081 8 0 - • 0 0 0 0 -1419 1419 - 0
*• 82 0 0 - - 0 0 0 0 -1637 1637 - 093 0 0 - - 0 0 0 0 •800 800 . 0R 84 8 0 - - 0 0 0 0 0 0 . 0

89 0 0 - • 0 0 0 19202 -10023 3621 . .23* 84 0 8 - - 0 0 0 93779 -69203 19428 - .00
87 38 19 - - 0 0 0 27049 -32913 9864 - 0
88 77 29 - - 0 0 0 20660 -20660 a . 0
89 187 39 90 137 0 8396 8396 0 8396 0 .27 . 171* 18 444 99 278 366 0 92723 92723 2201 49890 4672 .43 . 171 11 844 267 342 922 0 60796 6 0 796 4799 99961 0 .4 .01

W  ' 12 992 894 39 3 *99 0 62443 62493 842 61601 0 , A .31o> 13 1834 942 379 699 0 93893 93093 1931 92322 0 .36 0
1 ** 14 974 148 309 669 0 26802 26802 0 26802 0 .31 0

19 818 0 241 977 0 0 0 0 0 0 .29 0* - 14 989 0 103 482 0 0 0 0 0 0 . 18 0
17 123 0 21 102 0 0 0 22003 -22003 0 . 17 0
18 8 0 * 0 0 0 32309 -43898 11949 «. 0
19 8 o' _ 0 0 0 23994 -33372 9418 ' - 0
28 8 0 - • 0 0 0 12771 -19339 2964 - .23
21 8 0 _ 0 0 0 37014 -92129 19111 • . 06
22 0 0 0 0 0 27199 -29942 2747 - 0

• _
23 8 0 * ** 0 0 0 30429 -32122 1697 0

TOTAL 4336 2429 2108 4113 0 264973 264973 311726 -129298 70949 1.26

I> TOTAL SOLAR INCIDENT (WATT.HR/iq.w> A)21 OIRECT SOLAR INCIOENT (WATT.HR/sq.*)3T~solar-enercy Collected (watt,HR/»q.*>)4» COLLECTOR NEAT LOSS 11-31 (WATT.HR/qq,m) B>SI ENERGY TO STORAGE THROUGH UPPER VALUE (WATT.HR)«> ENERGY TO STORAGE THROUGH LOWER VALVE (WATT.HR)7) ENERGY TO STORAGE (9*41 (WATT.HR) C)__•> ENERGY FROM STORAGE TO USER (WATT.HR)9'nA0URC7~INCREASE~IN STORED ENERGY (WATT.HR)19) STORAGE HEAT LOSS (7-8-91 (WATT.HR) 0)111 HOURLY INTEGRATED COLLECTOR EFFECIENCY 13/1112) PERCENTAGE OF TIME OURING WHICH AUXILIARY BtllLER WAS ON

DAILY
DAILY
OAILY
DAILY

EFF. OF SOLAR COLLECTOR STORAGE SYSTEM
EFF. OF STORAGE TANK
SOLAR RADIATION (WATT.HR)
COLLECTED ENERGY (WATT.HR)

.16

.7

1180396

- 392720



ROYAL SCIENTIFIC SOCIETY SOLAR ENERGY RESEARCH CENTER COLLECTOR APPLICATION SECTION AQABA CORAL BEACH HOTEL SOLAR HOT WATER SYSTEM
TABLE( 2-A)1 HOURLY AVERAGE DATA

» DATE! P/1M7
HOUR <1) (2) (9) (4) (9) (4> (7) (8) (9) (10) (11) (12) (13) (14) (19) (16) (
•S • • • _ - 23 0 0 0 19 0 0 0 92 198 27 26

¿4 •1 - - - • - - 0 0 0 10 0 0 0 . 0 26 26
•2 « • • • - - 0 0 0 18 0 0 0 - 0 26 264* ■T • «  _ m .  . . «*. | . -  . .0 - 0 0 17 0 0 0 -  ... . . . 0 ... . 24 . 26
§4 • • • - - 20 0 0 0 17 0 0 0 42 149 26 26
» • - - • - 20 0 0 0 16 0 0 0 38 246 26 2644 • « • « - 21 0 0 0 16 0 0 0 30 1238 26 24

.O 47 . - - - - - 21 0 3» 18 16 0 0 0 26 1488 24 2344 • • • • - 22 0 81 94 17 0 0 0 29 1763 23 27
• .12—31______ 97 31 - . 27 . . 29 149 219 199 19 .91 0 .49 23 1191. 22 . . 2914 27 32 27 • 32 29 190 692 944 21 1 0 1 27 961 29 3111 >4 44 34 - 40 26 14» 0*8 939 24 1 0 1 33 489 31 3912 42 49 42 - 49 27 149 963 116 29 1 0 1 42 364 3» 47
»4 1) 4» 94 90 - 96 - 190 999 119 26 1 0 .89 - 0 47 941 14 94 41 97 • 41 27 148 996 848 26 1 0 1 96 336 94 60u ____ll_.42__ j49 _____41— - 44 - . 194 819 819 27 1 0 .36 - 0 ... 60 . 6214 41 49 • • - - 198 983 983 27 1 0 0 - 0 62 621 A 17 ft 97 • . - 27 191 116 116 29 .12 0 0 42 940 62 6214 « - - 27 0 0 0 23 0 0 0 62 1771 62 911* • • • - « 26 0 0 0 22 0 0 0 61 942 91 4324 • « • _ 29 0 0 0 21 0 0 0 *0 602 43 38

_ . .21. - . « - - . 29 . 0 0 0 21 0 0 0 . 99 . 388. .. 38 3922 • . - 29 0 0 0 19 0 0 0 99 »79 39 28■■ 23 - - - - 24 Ü 0 0 18 0 0 0 96 777 28 27
TOTAL 6279 3907 14036

117)

UJCOUECTOR. INLET. TEMPERATURE2) COLLECTOR OUTLET TEMPERATURE3) BOTTOM STORAGE OUTLET4) TOP STORAGE INLET 9) MIO STORAGE INLET4) BOTTOM STORAGE INLET FROM COLO WATER SUPPLY_7L .QPUECTQR /A-PH RfiTE ilpmj4> TOTAL RAOIAT ION (WATTs»q. a)9) DIFFUSE RAOIATION (WATT̂ q. a)IS) AMBIENT TEMPERATURE11) PERCENTAGE OF TIME DURING WHICH PUMPS UFRE ON12) PERCENTAGE OF TIME DURING WHICH UPPER UALUE WAS OPEN13) PERCENTAGE OF TIME DURING WHICH LQWER yAl UE UHS OPEN14) TEMPERATURE OF’HOT WATER TO HOTEL15) HOTEL CONSUMPTION OF HOT WATER (LITER)14) INITIAL AUE. TEMP. OF STORAGE TANK 17) FINAL AUE. TEMP. OF STORAGE TANK



ROYAL SCIENTIFIC SOCIETY SOLAR ENERGY RESEARCH CENTER COLLECTOR APPLICATION SECTION AQABA CORAL BEACH HOTEL SOIAR HUT UhTER SYSTEM
TABLE(2-B) I HOURLY AVERAGE DATA I. ENERGY

DATEI J7/I0/I7
.9» HOUR (18) (19) (20) (21 > (22) (27) (24) (29 ) (26) (27) (28) (29) (30) (31) (32)

88 29 29 29 2« 26 26 27 39 33 27 0 0 0 0 1940• 1 29 29 29 2* 2* 26 2* 28 31 26 0 0 0 1) 0— 82—-29--— -29 " - -29- ' 2« 2« 26 27 28 31 26 0 0 0 0 0•7 29 29 29 2« 26 26 27 28 7) 26 0 0 0 0 084 29 29 29 2« 26 26 26 28 30 26 0 • 0 0 0 109608 24 29 29 29 26 26 26 27 29 36 .28 0 0 0 27188« 22 24 29 29 26 26 26 26 28 29 .12 0 0 0 902487 21 22 22 22 24 29 29 26 26 34 . 18 0 0 0 8076- 88--22--— 22- - - 22 22 22 2V 22 27 29 22 . 39 0 0 0 671889 22 27 27 27 27 23 2) 2? 23 23 .27 19973 0 20974 2718 27 27 27 27 27 27 27 27 28 27 .06 44776 0 46169 136911 74 74 74 74 79 3« 34 79 39 34 .39 61229 0 61919 399912 42 47 47 47 47 43 43 47 47 43 0 69042 0 62707 340417 98 91 91 91 91 91 91 91 9) 91 .22 71020 0 49770 0* • 14—ST" ---19.—  87 - 98 98 97 97 98 98 97 .09 97309 0 49991 • 70201« «2 «2 *2 «2 67 63 62 67 63 62 0 37822 0 13989 01« 44 «4 «4 «4 44 64 64 64 64 64 0 18464 0 0 017 «8 42 42 42 «2 67 *3 64 66 63 0 1962 0 0 20891 18 72 44 94 «1 *? *2 «2 «3 64 97 0 0 0 0 7209019 27 28 28 77 92 61 61 62 6? 46 0 0 0 0 3804«* - . 28 •2* - -27- -28 28 29 48 «1 62 62 41 0 0 0 0 24119
21 2* 27 27 28 28 30 93 61 62 3’ 0 0 0 0 1̂ 714
22 29 2« 2« 27 28 28 31 44 60 31 0 0 0 0 39202
27 29 29 29 2« 27 27 20 28 38 27 0 0 0 0 11929

7811*1 0 7047*4 249*46

18-2«) UALL TEMP. OF STORAGE TANK AT 9 POINTS EQUALLY SPACED ALONG VERTICAL LINE, WITH IB IS TEMP. AT THE LOWEST POINT AND 2* IS AT THE HIGHEST 27) MUC. TEMP. OF STORAGE TANKSB) PERCENTAGE OF TIME DURING WHICH BOILER WAS OH 2») SOLAR ENERGY COLLECTED (WATT.HR)—  »9 ENERGY -TO STORAGE THROUGH UPPER VALUE (WATT.HR)71) ENERGY TO STORAGE THROUGH LOWER VALUE (WATT.HR)72) ENERGY FROM STORAGE TO USER (WATT.HP)



ROYAL SCIENTIFIC SOCIETY SOLAR ENERGY RESEARCH CENTER COLLECTOR APPLICATION SECTION AQABA CORAL BEACH HOTEL SOLAR HOT UATER SYSTEM

TABLE <2-0 I OATA EL M-UAT I ON

OATCi ÏT/H/*?
HOUR (1) (2) (3) (4) (9) (6) >?) (8) (9) 110) (II) ( 12)

----68- — ---- -6- - • « . 0 0 0 1948 -1948 0 - 00 0 - • 0 0 0 0 -900 900 062 6 0 - - 0 0 0 0 ' 0 0 063 6 0 _ - 0 0 1) 0 -274 274 084 8 0 . . 0 0 0 16*6 -1896 0 068 6 0 - . 0 0 0 2718 -2718 0 .28‘----84-- — ----- 6— • • 0 0 0 *024 • 9024 0 . 1267 37 1* - - 0 0 0 8076 -9064 988 . 1868 81 27 - • 0 0 0 6218 -948* 3271 .396* 21* *4 109 114 0 209 79 20979 27 20992 0 .48 .2716 492 108 240 412 0 46169 46169 136* 41914 3262 . 37 .0611 696 31* 328 930 0 61919 61919 3**9 96992 968 . 38 .39----ts---- ----- *41----•647 376 9*3 0 62787 62767 3404 9*383 • 0 - v 36— 013 *** 860 381 618 0 49778 49776 0 49776 0 .38 .2214 *94 106 307 649 0 49991 49991 7828 41723 0 . 32 .0919 819 0 203 612 0 13989 13989 0 13989 0 .29 014 963 0 *9 484 0 0 0 0 0 0 . 17 017 114 0 10 106 0 0 0 206* -206* 0 .09 0*•-- 16---- .. .Q _ ..... . 0 0 0 72090 -7*0*6 7046 - . -019 6 0 0 0 0 36044 -91227 13163 026 6 0 0 0 0 24119 -37326 13211 021 0 0 . 0 0 0 19714 -18239 2929 0“ 22 0 0 _ 0 0 0 3*202 -4*823 10621 0
23 0 0 - ” 0 0 0 11*29 -11*29 0 — 0

TOTAL 427* 2372 2043 4118 0 304364 304364 24*646 -1191 99869 1.86

1) TOTAL SOLAR INCIDENT (UATT.HR'sq• Ml ) A) OAILY EFF. OF SOLAR COLLECTOR STORAGE SYSTEM .21'--9-) -04ACC?-SOLAR INCIDENT (UATT,HR/tq.m)3) SOLAR ENERGY COLLECTED (UATT.HRs»q.a)4) COLLECTOR MEAT LOSS (1-31 (UATT.HRx*q.m> 8) C3ILY EFF. OF STORAGE TANK9) ENERGY TO STORAGE THROUGH UPPER VALUE (UATT.HR>4> ENERGY TO STORAGE THROUGH LOUER UmI.UE (UATT.HR)?l ENERGY TO STORAGE |9«61 (UATT.HR) C> DAILY SOLAR RADIATION (UATT.HR)--*>—ENERGY-PROM-STORAGE TO USER (UATT.HR)*) HOURLY INCREASE IN STORED ENERGY (UATT.HR)IS) STORAGE HEAT LOSS (7-8-*) (UATT.HR) 0) DAILY COLLECTED ENERGY (UATT.HR)II) HOURLY IHTEGRATEO COLLECTOR EFFECIENCY (JsllIS) PERCENTAGE OF TIME DURING UHICH AUXILIARY BOILER WAS ON

.82
116*777

• 380411)



APPENDIX - 4

External view of solar array arrangements
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JORDAN DAIRY COMPANY SWH SYSTEM
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CORAL BEACH HOTEL SVH SYSTEM
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