
wind changes direction and the axis must follow it, a
wind vane or some other device must be used to
accomplish the same goal.

3.2.3. Thermometer
A contact thermometer with a 12-channel BTM-

4208SD has been used to monitor the solar collector

inlet and outlet temperatures, thermal radiator inlet
and outlet temperatures, room temperature, and
ambient temperature, see Fig. 9. Table 2 lists the
technical specifications of this device.

Fig. 6. The circulation pump with connection pipes.

Fig. 7. Solar power meter.

Table 1. Technical specification of solar power meter.

Model SPM-1116SD
Spectral response 400e1100 nm
Measuring unit Solar power (W/m2)
Solar power range 2000 W/m2

Solar power accuracy ±10 W/m2

display LCD size: 52 mm � 38 mm
LCD with green backlight (ON/OFF)

Operating temperature 0e50 �C
Operating humidity Less than 85% R.H.
Power supply Akaline or heavy duty DS 1.5 V battery (UM3, AA) � 6 PCs, or equivalent

Fig. 8. Vane Anemometer device.

Fig. 9. Thermometer.
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4. Results and discussions

The experimental configuration is highlighted to
measure the performance of the solar space heating
system in variable operating conditions of sunny
and cloudy days. Indeed, the measurements ob-
tained throughout this work were accomplished
during February and March of 2021.
Fig.10 shows the solar radiation intensity (SR),

ambient temperature (Tamb), inlet and outlet water
temperature of the thermal radiator without fan,
and wind speed as a function of time from 11:00 am
to 1:30 pm on February 18. The weather was cloudy
with a high wind speed (13 m/s), and the tubes of
the collector were covered by dust. There is a clear
trend that the outlet temperature is to be decreased
from 50.4 �C at 11:00 am to 49.4 �C at 12:11 pm. It is
also found that the inlet temperature decreases from
53.7 �C to 51.4 �C for this period. These results
indicate that the temperature difference changes
from 3.3 �C to 2 �C due to the drop in temperature
difference between the thermal radiator and the
room space. The solar radiation intensity fluctuates
between a maximum value ~768.7 W/m2 at 11:00 am
to a minimum value ~432 W/m2 at 11:20 am which is
due to the cloudy weather.

The measurements mentioned above were re-
conducted on February 25, where the weather was
sunny with a lower average wind speed (1.2e3.4 m/
s) and the tube was clean (uncovered by dust). The
outcomes of these measurements are plotted in
Fig. 11 in the period of time 9:38ame1:30pm. It is
seen that the room temperature varies from 16.2 �C
to 23.9 �C with a temperature difference of 7.7 �C.
Obviously, such a difference is approximately twice
the value of its counterpart in the previous case.
However, the reason behind it is the clean surface of
the tube. Solar radiation, on the other hand,
decreased from ~741.3 W/m2 at 10:00 am to ~820 W/
m2 at 13:30 pm during the measurement period.
Anyway, on March 11, the weather was cloudy,

with an average wind speed of 3.7 m/s, and the solar
collector tube had been cleaned. The measurements
are carried out for this case, and their own results
are plotted in Fig. 12. Obviously, the solar radiation
intensity values fluctuate during such a day between
the maximum value of ~789 W/m2 at 1:00 pm and

Table 2. Technical specification of the used thermometer.

Model BTM-4208SD
Display LCD size: 82 mm � 61 mm

with green color backlight
Channels 12 channels
Resolution 0.1 �C
accuracy 0.4 �C
Operating temperature �100 to 1300 �C
Operating humidity Less than 85% R.H
Power supply Alkaline or heavy duty

DS 1.5 V battery (UM3, AA) � 8
PCs or equivalent

Weight 827 g
Dimensions 225 � 125 mm

Fig. 10. The solar irradiance, thermal radiator inlet and outlet water
temperature, ambient temperature and the wind speed versus the time
daytime of February 18.

Fig. 12. The solar irradiance, thermal radiator inlet and outlet water
temperature, ambient temperature and the wind speed versus the time
daytime of March 11.

Fig. 11. The solar irradiance, thermal radiator inlet and outlet water
temperature, ambient temperature and the wind speed versus the time
daytime of February 25.
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the minimum one of ~220 W/m2 at 1:37 pm. It is
seen that the inlet temperature of the thermal
radiator decreases from 70 �C at the beginning of
the measurement to 66 �C after an hour has passed.
While the outlet temperature deviates from ~66.9 �C
to ~65.3 �C which means that the maximum tem-
perature difference between the inlet and outlet
water is ~2 �C. On the other hand, the maximum
room temperature (Troom) was up to 32.7 �C in
comparison to the ambient temperature (Tamb) of up
to 26.5 �C, which indicated that the temperature
difference is 2.2 �C. It should be mentioned that,
these measurements have been done without using
a fan.
The experimental measurements of the solar

space heating system under partial cloud weather
and an average wind speed of about ~1.2 m/s were
executed on March 17, where the results are repre-
sented in Fig. 13. It is seen that, the room temper-
ature increases from 28.1 �C up to 31.6 �C during the
selected period of time (11:30ame12:15pm), and the
temperature difference is 3.1 �C. The temperature
difference between Tout and Tin is approximately
constant because of the heat dissipation from the
thermal radiator into the room is almost absent.
Therefore, the fan has been connected to the system
in order to increase the heat transfer between the
thermal radiator and the room space, as shown in
the figures below.
On March 18, the weather was clear with an

average solar radiation of about 950 W/m2 and an
average wind speed of about 3 m/s. The measure-
ments have been implemented for 3 h, starting from
10:00 am to 1:00 pm. The results are shown in
Fig. 14, which indicates that the difference between
room temperature and ambient temperature is
about 5 �C at the beginning of measurements at

10:00 am and increases to 10 �C after 3 h. This
enhancement in the performance of the space
heating system occurs because of using the fan.
Actually, the fan leads to increasing the heat transfer
between the radiator and the room space.
Another different case has been chosen where the

weather was cloudy, combined with an average
solar radiation of about 500 W/m2 and an average
wind speed of about 3.8 m/s on March 24. The
temperature difference between the surroundings
and the room is about 5 �C at the starting operation,
while it becomes 11.8 �C at 1:00 pm, as indicated in
Fig. 15. It is clear that, the heat exchange is effec-
tively influenced by using the fan. Because the dis-
tribution of the heat energy from the thermal
radiator to the room space is due to forced convec-
tion. This, however, reveals the nature of the heat
transport mechanism inside the thermal radiator
tubes.

Fig. 13. The solar irradiance, thermal radiator inlet and outlet water
temperature, ambient temperature and the wind speed versus the time
daytime of March 17.

Fig. 14. The solar irradiance, thermal radiator inlet and outlet water
temperature, ambient temperature and the wind speed versus the time
daytime of March 18.

Fig. 15. The solar irradiance, thermal radiator inlet and outlet water
temperature, ambient temperature and the wind speed versus the time
daytime of March 24.
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It is worth mentioning that, the difference be-
tween the inlet and outlet water temperatures of the
system gets lower whenever a fan is removed.
Actually, such a result proves the necessity for
adding the fan to be a main part of the system,
especially when the radiator size is relatively small
and the water flow speed is high.
The energy delivered by the solar space heating

system to heat a room is about 64000 kJ/day, which is
equal to 17.77 kWh/day. This value is better than the
value obtained by Aed et al. (12.87 kWh/day) because
of the use of metal thermal radiator with a fan. The
error analysis of themeasured data is listed in Table 3.

5. Conclusions

According to the results mentioned above, several
remarks could be made concerning the parameters
that influence the efficiency performance of the
presented system. Indeed, the collector tube should
always be clean and free from dust in order to in-
crease the heat transfer between the tube surface
and fluid, hence enhancing the evacuated tube ef-
ficiency. Furthermore, the thermal insulation of the

pipes that connect the solar collector and the ther-
mal radiator has considerable importance in
reducing the heat losses and thus enhancing the
efficiency of the solar heating system. In addition,
the thermal insulation of the room space is also
required to enhance the system performance.
Results have clearly shown that the use of the fan

significantly leads to discharging the heat from the
radiator and thus enhancing the system efficiency.
On the other hand, increases in the amount of ra-
diation that is received by the collector, operating
time, and the heat accumulation in the storage tank
effectively enhance the system performance.
It is necessary to pay attention to the engineering

design of the system, as the use of a thermal radiator
that has vertical and horizontal tubes, which leads to
a slowdown in the flow of the heat transfer fluid
inside the thermal radiator, leads to an increase in
heat transfer from the radiator to the space of the
room and thus leads to an increase in the efficiency
of the system.
In the case of using a heat pump with a different

flow rate, this leads to controlling the temperature
inside the room, and this method can be used in
future research.
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