2. J., Alex. Univ., Volum 27 No.4, pp. 33 - 46 (1988)

EXPERIMENTAL STUDY OF NATURALLY CIRCULATED
HOT WATER SOLAR SYSTEM

* *k
Hassan E. S. Fath and Sabah T. Ahmed
* Assistant Professor, Faculty of Engineering,

Alexandria University, Alexandria, Egypt.

** Teaching Assistant, School of Technical Education,

University of Technology, Baghdad, Iraq.

experimental study was carried-out to investigate the thermal
;,rformance of naturally circulated hot water solar systems. Each of
fhe three systems considered, consists of a flat plate solar ccllector
( of different type design), naturally circulated water loop, and a hot
;%ater storage tank. One system was tested at the city of Baghdad and
.the other two were tested at Basrah, Irag. The effect of the differences
in the environmental conditions and the collector type on the systems
performance are presented for both without and with hot water
extraction. These results may be useful for both designers and analysts

of solar energy systems, particularly in Iraq.
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Nomenclature
A&B Refer to different types of solar collectors used in the city
of Basrah, see Fig. (1).

a' Collector area (mz)

c Specific heat (kI/kg. C°)
Solar Intensity (H/mz)

m Mass flow rate (kg/s)

n Collector efficiency, defined as:
n = [m.c.('rw,0 - Tw’i)/I.a']

Subscripts

a air

i inlet

ins instantaneous

m mean

o outlet

w water

1. Introduction

Solar energy utilization for water heating proved to be a good and
reliable systems particularly for domestic wuses. This fact is more
significant in the areas which have a wide range of sunny hours as in
Iraq (up to 4000 sunny hours/ year). Different studies have been
carried-out to optimize solar collection parameters, systems
performance, collected energy storage, ...etc. Inspite of such world
wide researches, there is still a need to study the system performance

under the local design and environmental consitions.
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heating water systems that wutilize thermosyphon (natural
ﬂation) flow to transfér solar energy from the collector to the
water storage tank are widely used. These systems are simple,
and therefofe they have relatively high reliability,
tianability, and minimum cost. There has been extensive work for
analysis of the performance of such systems [1 to 5). Ahmed [6].,
saf [7], and Khassaf and Ahmed [8] studied the performance of a
ed circulation solar water heaters in Baghdad and the effect of the

jer of collectors glass covers and the selective paint.

investigation presents a continuation of these later studies,[é]
;[8], and in particular the systems performance under different
llector designs and different environmental conditions. Therefore,
naturally circulated system was tested at the city of Baghdad and
;er two were tested at the city of Basrah, Iraq. These two cities
¢-600 kn apart and have different environmental conditions (Baghdad

18 sunny and dry while Basrah is sunny/cloudy, dusty and humid).

2. Experimental Setup

Figure (1) 1illustrates the present hot water solar system set-up. The
‘system consists of a flat plate solar collector, naturally circulated
water loop, and hot water storage - extraction tank. Three different
' collectors types were used as shown in Figure (1). The collectors were
tilted towards south. A vertical insulated cylinder was used as the hot
water storage/extraction tank. The water level inside the storage tank
- was controlled by a water float connected to the inlet cold water
connection (from the supply tank) an extraction tap was also installed

below the storage tank. The storage tank was connected to the solar
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collector through a naturally circulated loop. Extracted water fl

rate was measured using scalled container and stop watch
The <circulated water temperatures at collector inlet and outlet wer
measured using mercury thermometers. The average storage tank wate
temperature was measured by four thermocouples installed at differen
locations and levels 1inside the tank so that water stratificatio
temperature differences is taken into account. For other thermocouples
were used to measure the inner surface temperatures of both cover and

absorber plates. The accuracy of these measurements are within O.SOC.

flow rates accuracy are within 4%. Table (1) summarizes the main
differences between the system used in Baghdad and the two systems used

in Basrah (see also Figure (1)).

1. Plastic Connection.

2.Glass Tube.

34. Inlet and outlet Collecter Temperature -
Thermometer.

5. Hot Water Extraction.

6. Air Vent.

T- Thermocouples

Insulation

Copper Plhte
Brazed Copper Pipe
Gloss Cover

Section in Solar Collector
(Baghdad

Solar Radiation

Section in Solar Collector
(Basrah B)

Figure( 1) Naturally Circulated Solar System .
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Table (1) The Main Features of The Three Studied Systems, See Also Figure (1)

component Beghdad Basrah (A) Basrah (B)

Absorber Flat plate, copper sheet of corregated galvanized iron Tow iron flat plates of 100cm<100cm
50cm x 50 am, with five copper  plate of 100 an x 100 am, were welded and separated by 5 mn
h.bu_(‘).Snndintet)bramd with seven galvanized tubes through which water flows. No. tubes
on the sheet,figure(l-a). (120m diameter) brazed on are used, see figure (1)

the sheet and 15 an apart,
see figure (1-b).

Glass Cover Single window glasa cover single and also double Single window glass cover of 4 mm
of 4 mm thiciness and 2.5 an window glass cover of 4 mm thiclness and 2.5 cn above the
above the absorber thickness, 2.5 cn sbove the absorber.

absorber and 2.5 cm sperat-
ing the glass covers

Tilt Angle From | 30 degrees 27 degrees 27 degrees

horizontal

Hot water 13 liters 4 liters 40 liters

storage tank

capacity

| Temperature

Measurement

storage average of (3) themocouples average of (4) thermocouples average of (4) thermocouples

absarber aversge of (2) thermooouples average of (6) thermocouples average of (6) thermocouples

cover average of (2) thermooouples average of (4) thermocouples average of (4) themmocouples

Comnecting 12.5 oo inmner dismeter 13.7m inner diaweter 18.7 mn imner diameter

loop pipes
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3. Results and Discussion

3.1 No Load Tests

Solar heating systems usually operates under such no load conditions
for working families, most of the day sunny hours. Therefore the tes
will give a prelimenary results on the way the systems act under no h
water extraction. Tigure (2) presents a selected systems temperatur
during the day hours. Figure (2-a) shows the average storage hot wate
temperature for a sunny and partially cloudy days in Baghdad, as wel
as the supply water temperature. From this figure one can notice; (i
the average storage hot water temperature is initially higher than the
supply water t:mperature due to the previous day solar energy storage,
(ii) the supply water temperature continiously increases wup to

maximum value (just after miday) after which it drops agian. The

oy @Storuge water Temp{sunny
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Figure (2) Solar System Temperature During Day Hours
( may 1986 )
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the supply wateF temperature is expected since the supply
'is subjected to some solar heating, (iii) for both sunny and
tloudy days,solar heating is significant although the average
ater temperature is higher (by about 30%) for sunny day than
ﬁ?for partially cloudy day, (iv) the maximum average storage
srature is attained by 2.00 P .M. after which the temperature
drop again due to the presence of the collector shadow.
-b) shows the collector inlet and outlet temperatures and the
~ and cover inner plates temperatures during a sunny day hours.
ratures increase during the day and reach a maximum value by
.00 P.M. The difference between the collector inlet and outlet
'Qres is almost constant up to 2.00 P .M. after which the outlet
ture drops bac k while inlet temperature remains unchanged untill
temperatures become equal. Both absorber and cover plates
itures follow the same trend. Similar results were obtained for

istems tested at the city of Basrah.

(3) shows a comparison between the effect of some design or
ating parameters on the system performance at the city of Basrah.
(3.a) shows a comparison between the temperature results
ined at winter (Februrary) and spring (may) seasons. The maximum
‘age water temperature is higher in spring due to both higher supply
and higher absorber temperatures. Neverthless, it is also obvious
it is possible to obtain higher storage to supply water
perature difference in winter than spring. This is mainly due to (i)
collector relative smaller energy losses and (ii) the expected
gher absorber to water temperature difference. The effect of dusty
ver (not cleaned for 14 days) is shown in Figure (3-b) where the
orage water temperature is shown to be reduced by 20 %. Figure (3-b)

&"s the hourly collector efficiency for clean and dusty covers. The
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Table () Summary of results for variable load conditions

Hassan E. S. Fath and Sabah T. Ahmed

City Environmental | Loed (rate Maxumum storage | Time of Madimum | Meodmm initial
(system) condi tions of hot water | hot water temp.| storage water | to storage water
(month) Extraction) temp. temp. tenp. difference
L/hr e AM %
Beghded | Sumy day 0.0 52.5 14 29.0
(may)
Baghdad | Sumy day 1.0 45.0 13 15
(may)
Baghdad Sumny day 3.0 43.0 13 15
(may)
Baghdsd |  Sumny day 5.0 50.0 15 2
(may)
Basarah Sumny day 0.0 46 14.5 2
(A) (may)
Basrsh Surny day 10 26 13.5 14.5
a) (may)
Basrah Sumy day 2 26 13.5 16.5
(a) (may)
Besrsh | Sumny day 25 21.5 13.5 8.5
(€Y (may)
Besrsh | Sumny day 2 19.5 13.5 8.5
(€N (may)
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‘”ffeéf of dirty cover emphasises the importance of continious
'ﬁing requirmenfs (at least every 7 days). A comparison
o different types of collectors is shown in Figure (3-c), see
ure (1). Collector type B is more effective than type A due to
‘heat transfer. Table (2) presents a summary of some important
obtained that could give a picture on the performance of the

ted systems. From the table one can realize that (i) the
energy per unit area 1is higher at Baghdad mainly due to
environmental conditions, (ii) the collected energy in Baghdad
:i_% higher for sunny day than for partially cloudy day, (iii) the

?;gd energy at Basrah in winter is higher than in spring.

Minstantaneous method", presented by Krider and Kreith [9] is used
mpare the three types of collectors used. Figure (4) shows the
taneous collector efficiency for the three types, refer also to
ure (1). The flat plate collector (Basrah B) has the highest
?;ntaneOus efficiency. In addition, the collector with corregated

ber (Basrah A) has higher efficiency when double glass cover is
than with single glass cover. The results of Kassaf [7] are shown

or comparison.

Variable Load Tests

Qifferent tests were carried-out for the three systems under variable
loads (i.e. different rates of hot water extraction, from the hot water
itorage tank). Figure (5) shows samples of these tests results. From
this figure, it 1is obvious that the value of the storage water
temperature with 1load is less than its value with no load. Cold water
- temperature (make-up) is the reason behined this finding. Figure (5-a)
indicates that in spring, the system is capable of providing storage
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ture as high as 45 c®, when the initial water supply
‘;between 23°C to 30 °c. On the other hand, the system

2 capable of providing hot storage water at about 27 b -
?tial water temperature is between 8 °c to 13°C. The

;ie temperature decreases as load increases. Exceptions may
te unexpected environmental conditions. The maximum storage
jia attained at or near noon time. It should be remembered
relatively high rate of hot water extraction, as compared to
tank size, may be a reason behined the low storage water
attained. Table (3) presents additional results obtained
gﬁie load tests.

“i performance of naturally circulated solar system (for water
- has been investigated experimentally. Three systems were
one at Baghdad and the other two at Basrah, Iraq. The effect of
ental conditions as well as collector type on the system
';_e were studied for operating conditions and different rates of

er extraction. The results can be summarized as follows:

solar system temperatures, including the storage hot water,
crease during the day hours up to a maximum value (at about 2.000
M. for no 1load, and, at 12.00 noon under variable loads
osnditions) after which they drop again due to the presence of

;ilector shadow, and higher radiative and convective losses.

1though the systems are capable of providing high storage hot water
temperature at spring (up to 55 °C), the results show that the
perature difference between the hot water (storage) and the cold

water supply (make-up) is higher at winter than at spring.

plate (box type) collector has the highest collector

la Engineering Journal October 1988
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Table 2. Summary of results obtained for No load conditions

- o e e ——— e ———— e e
Environmental Storage Maximum Collected
condition tank size initial to|Energy per

system (month) liter storage unit area
water 2
temp. kJ/m

RO SRS MRS ks B - e IR0 FRENSEEL

Baghdad Sunny(may) 13 29.0 6443

Baghdad Partially 13 19.0 4149

cloudy (may)

Basrah(A) Sunny (may) 40 22.0 3696

Baarah(A) Sunny (Feb.) 40 34.0 5712

Basrah(A) Partially cloudy| 40 20.5 3464

(may)
Baasrah(B) Sunny (Feb.) 40 28.5 4788

® Storage Water  Temp
+ Supply Woter Temp.

O ¢ Solar Collector (g),
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Figure(3] Solar  System , Temperoture ond Collector Hourly Efficiency During Doy Hours for Basroh.
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ency. Double glass cover collector are more effective than
i glass cover cocllectors. In addition, the dusty covers (not
d for 14 days)were found to reduce the attained storage water

rature by 20 %.
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