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ABSTRACT

In high solar irradiance regions such as Sokoto, Nigeria, the efficiency of solar thermal systems
strongly depends on the orientation of collectors. This study experimentally investigates the thermal
energy gain of three identical zinc-based collectors mounted in different orientations: a solar-tracking
system, a fixed collector at the optimum tilt angle of 13.1°, and a horizontal collector (0° tilt).
Experiments were conducted at Umaru Ali Shinkafi Polytechnic, Sokoto, from 14th—18th February
2025, with temperature readings recorded at one-hour intervals between 8:00 AM and 6:00 PM. Heat
gain was calculated using the thermodynamic equation with zinc’s specific heat capacity of 390
J/kg-K. Results revealed that the solar-tracking collector consistently achieved the highest heat gain
(3248.30-3265.67 J), followed closely by the optimally tilted collector (3126.70-3170.13 J). The
horizontal collector performed least efficiently (2480.09-2892.20J). The findings demonstrate that
solar tracking offers the greatest energy yield, but a properly oriented fixed collector provides nearly
comparable performance at reduced cost and complexity.
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1. INTRODUCTION

Solar energy provides a sustainable alternative to conventional energy sources, particularly in regions
with high solar potential such as Sokoto, Nigeria, which receives over 5.5 kWh/m?/day of solar
radiation (Brown, and Nelson, 2023). According to Celik, (2003) Solar thermal collectors are widely
applied in water heating, drying, and industrial processes, yet their performance depends largely on
orientation and tilt. Dabai et al. (2018) analyzed optimum tilt angles and their effects on collector
Receptions of solar radiation in some location in Africa. Their analysis shows that if the collectors are
to be fixed permanently the best orientation is southward tilted slightly above the latitude, but if the
collectors are periodically adjustable, the collectors should be oriented southward during the month of
Sep to Feb and northward during the month of Apr to Aug.

While solar tracking maximizes energy capture by following the sun’s path, it is costly and
mechanically complex. Conversely, fixed-tilt collectors, if oriented correctly, can provide efficient
and low-maintenance solutions (Duffie, and Beckman, 2013). This research experimentally evaluates
the impact of collector orientation on thermal performance in Sokoto.
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2. METH ODOLOGY

2.1 Study Site

The experiment was conducted at Umaru Ali Shinkafi Polytechnic, Sokoto (Latitude 13.1°N), under
dry tropical climatic conditions.

Plate 1: Experimental setup

2.2 Materials and Setup
The collectors were placed in an open area with direct exposure to sunlight to ensure uninterrupted
solar heating. Each collector was made from roof zinc sheets with identical dimensions, ensuring a
fair comparison of thermal behavior. Three identical zinc sheet collectors were constructed with mass
0.2227 kg, dimensions 0.297 m x 0.210 m, and thickness 0.0005 m.

e Collector A: Solar-tracking system.

e Collector B: Fixed at optimum tilt (13.1°).

e Collector C: Horizontal (0°).
2.3 Data Collection
Digital thermocouples connected to a data logger measured collector temperature at hourly intervals
(8 AM-6 PM) over five days. Heat gain was computed using: § = mcAT  Ahmed, and Bashir,
2024).

3. RESULTS AND DISCUSSION
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Figure 1: Graph of collector temperature (°C) against time of the day (hours) for 14" February, 2025
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On 14" February, 2025 all three collectors exhibited a steady rise in temperature from 8:00 AM,
peaking between 1:00 PM and 2:00 PM. Collector A reached the highest peak temperature, followed
by B and then C. The early morning rise of Collector A was more rapid, indicating faster thermal
response. Collector C's curve remained subdued throughout, suggesting weaker solar absorption or
higher thermal losses.
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Figure 2: Graph of collector temperature (°C) against time of the day (hours) for 15" February, 2025

Furthermore, on 15" February, 2025 the curves for Day 2 closely resemble Day 1 but with slightly
higher peak temperatures, especially for Collector C, indicating a marginally improved performance.
The temperature gap between A and B narrowed, but A maintained superiority. Collector B displayed
a smooth rise and decline, while C had a more gradual ascent, peaking later than A and B.
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Figure 3: Graph of collector temperature (°C) against time of the day (hours) for 16" February, 2025

On 16" February, 2025 a more rapid temperature rise was observed in all three collectors, indicating
likely clearer morning conditions. Collector A again achieved the earliest and highest peak, typically
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around 12:30 PM to 1:00 PM. A sharper post-peak decline was observed in all graphs, suggesting a
possible shift in atmospheric conditions in the late afternoon.
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Figure 4: Graph of collector temperature (°C) against time of the day (hours) for 17" February, 2025

Similarly, on 17" February, 2025 all collectors recorded lower peak temperatures compared to earlier
days. This may reflect a reduction in solar irradiance, possibly due to overcast conditions. Collector B
momentarily approached A performance between 11:00 AM and 1:00 PM, showing competitive
response. However, A still retained the lead, and Collector C, though improved, remained the least
efficient.
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Figure 5: Graph of collector temperature (°C) against time of the day (hours) for 18" February, 2025

On 18" February, 2025 the most pronounced temperature profiles were recorded on Day 5, reflecting
optimal solar conditions. All collectors showed a sharp morning rise, peaking around 1:00 PM, with
Collector A again reaching the highest temperature. Collector B performed well, closely trailing A.
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Collector C also achieved its highest value of the week, showing responsiveness to improved weather
conditions.

Collector A (tracking) consistently outperformed B (fixed tilt) and C (horizontal). The performance
ranking was: A>B > C.

4. CONCLUSION

Collector orientation is a critical determinant of solar thermal performance. Solar tracking maximizes
heat gain, but fixed collectors at Sokoto’s latitude (13.1°) provide nearly comparable performance
with simpler design and lower cost. Horizontal positioning is not recommended for efficient solar
thermal applications in sokoto during this period.
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