JOURNAL OF UNIVERSITY OF BABYLON
Vol.30,No.2.| 2022 /

For ENGINEERING SCIENCES (JUBEY)

@ oty

¥ T

| 2

!

0 T

ey ¢

!

0 T

¥y €

Comparison between spiral and serpentine flow solar water heater

Ahmed Sarhan Abdulsitar *, Nofal Adrees Hasan ™

" Department of Mechanical Engineering, College of Engineering, Zakho University,
Kurdistan Region-Iraq

ahmedasarhan33@agmail.com

** Department of Mechanical Engineering, College of Engineering, Mosul University, Iraq
Nofaladresl@gmail.com

Received: 8/6/2022 Accepted: 19/7/2022 Published: 7/8/2022

Abstract

There are different designs of the flat plate collector and each one performs a different
thermal performance. The present work includes the serpentine and spiral collectors. The
experiment was conducted in Duhok city in Irag. The same material and dimension were used for
the serpentine and spiral collectors. The absorber plate area was 1 m? and the copper tube length
was 7.8 m. The galvanized steel plate was used with a copper tube and a black coating to absorb
the highest amount of heat. Autodesk inventor was used to designing the shape of the serpentine
and spiral to be the same length. Both of the collectors gave a good performance, the spiral
collector raised the water tank temperature from 32 — 56°C while the serpentine collector raised
the water tank temperature from 32 - 60.5°C. The thermal efficiency of the serpentine collector
was higher than the spiral collector. The paper displays all factors that affect the collector such as
wind speed, solar radiation, ambient temperature, and used material.

Keywords: Spiral collector, Serpentine collector, Thermal efficiency, Galvanized steel sheet,
Solar radiation.

1. Introduction

Nowadays, renewable energy is the best alternative to nonrenewable energy for all the
countries that suffer from a financial economy. Solar energy can be used as an alternative to
fossil fuels to save money and the environment. The solar collector converts solar radiation to
thermal energy, heat is transferred from that thermal energy to the water, air or oil passed
through the collector. It is costly to heat the water by using electricity or fuel, 20% of house
electricity is consumed due to heating water [1]. 15% of china's people are using solar water
heating as an alternative to electricity and fuel [2]. The storage tank and collector are the main
components of the solar water heating system SWHS; the collector absorbs heat that comes from
the sun while the tank stores hot water that is heated by the collector. There are two ways of
circulating the fluid in the system: the first is called the active system which uses a pump or fan
to circulate the fluid inside the system while the other type is called the passive system which is
circulating the water without a pump or a fan, the water circulated depends on the density
difference: cold water stays at the bottom while hot water moves upwards because the hot water
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has less density than cold water. [3] Were used the air and water to transfer the heat collected by
the absorber. In the experiment, the water provided more thermal efficiency than the air. The
solar collector is classified into two types, concentrating and non -concentrating collectors. A flat
plate collector is a type of non -concentrating solar collector that has a simple structure and it is
easy to maintain. The main components of the flat plate collector are the collector, absorber
plate, and glass cover. The collector is installed on the plate inside the box while the box is
covered with insulating material except for the front of the box which is covered with glass as
the solar radiation reaches the collector through the glass cover. [4] Experimentally, the
performance of the serpentine flat plate collector appeared, the area of the plate used in the
experiment was 0.64 m?. The copper plate and tube were used because they can absorb more heat
than aluminum and steel. The experiment was going on for 8 hours, from 10 am to 6 pm in June.
The capacity of the storage tank water was 60 liter and the solar irradiation was between 99-916
W/mZ. The temperature of the water was 36 =C which reached 45 =C throughout the experiment.
[5] Experimentally, the performance of the serpentine flat plate collector appeared, the area of
the plate used in the experiment was 2 m® The concrete absorber plate and copper tube were
used in the experiment. The experiment was going on for 5 hours, from 11 am to 4 pm in April.
The capacity of the storage tank water was 150 liter and the solar irradiation was between 650-
1130 W/m? The temperature of the water was 44°C and reached 69 °C throughout the
experiment. [6] Experimentally, the performance of the spiral flat plate collector appeared, the
length of the copper tube that was used in the experiment was 15 m and it was placed on the
plate with an area of 0.5 m? area. The experiment was going on for 6 hours, from 8:30 am to
14:30 in December. The capacity of the storage tank water was 100 liter and the solar irradiation
was between 525-654 W/m? The temperature of the water was 15°C was reached 19°C. The
maximum thermal efficiency of the collector was 35%. [7] Experimentally, the performance of
the spiral flat plate collector while the system was the passive water heater system appeared. The
area of the plate used in the experiment was 1 m2. The aluminum absorber plate and copper tube
were used in the experiment. The experiment was going on for 5 hours, from 7 am to 6 pm in
March. The capacity of the storage tank water was 55 liter and the solar irradiation was between
0-1000 W/m? The maximum temperature of the outlet water reached 95<C through the
experiment while the maximum efficiency of the collector was 66%.

The paper aims to compare the performance of the spiral and serpentine collector
experimentally under the same weather conditions in Duhok city climate in Kurdistan of Irag.
Nowadays, the majority of people who lives in Duhok are using electricity to heat the water. The
electricity is not available at all times and it is costly, due to that reason the best alternative of
electricity to heat the water is the SWHS. The flat plate collector was used due to easy made and
low cost than other types of solar water heaters. The steel plate absorber and the copper tube
were used in the experiment. The steel plate is used because it is more available in the market
and it is inexpensive compared to copper and aluminum.
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2. Materials and Methods

Two different shapes were designed for the flat plate collector FPC to compare between
them. The spiral and serpentine flow were used as FPC in the experiment. The collectors were
installed at an angle of 37 degrees in the north direction as shown in Figure 1.

Data logger

—— | Flow meter

ek S T
220

-

Figure (1): Solar water heating system

The 9.54 mm diameter copper tube is used because it is easy to bend. The capacity of the
tank was 60 liter and the mass flow rate was 0.033 kg/s. The distance between the plate and glass
cover is called an air gap, the distance between them was 8.5cm. Properties of the collector and
items that were used in the experiment are shown in Table 1.

Table (1) Collector properties

Item Dimension Material
Absorber plate area 1 m* Galvanized steel
Raiser tube diameter 9.52 mm Copper
Raiser tube length 7.8m
Distance between raiser tube 11cm
Air gap 8.5cm
Cover thickness 4 mm Glass
Insulation thickness 1.7cm Wood
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The 3 k-type thermocouples were used for each collector. WH-SP-WS01 Anemometer
and SM-206 solar power meter were used in the experiment. The calibration is important to all
the sensors and devices that are used in the experiment. Some of the thermocouples were
neglected cause provide not accurate results. The data was collected using the Arduino mega and
saved on an SD card using a data logger. The collector that was used is an active system while
the pump was used to circulate the water as shown in Figure 2.

Data Logger

I:l Arduino

Anemometer

-‘-‘-‘-‘-‘-'_‘—-—
Outlet Water Thermocouples

Storage Tank

Glass

Tank Water Temp
Absorber Plate Y

Raiser Tube

Insulation Wood

Pump
o -
e

Flowmeter

Inlet Water

Figure (2): Schematic view of the collector
3. Mathematical Analysis

As shown in Figure (3), sun is the main source of the heat that heats the fluid in the
system. The fluid temperature is increasing when solar irradiance increases. The rate of the heat
in the absorber depends on the absorber area and solar irradiance, the large area of the absorber
receives heat more than the small area. This heat can be measured according to Equation 1. [8]

Qo
Qu

Qi

Storage Tank

\— Solar Collector

Pump
&-

Figure (3): Thermal analysis
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Q; =14 1)
Where:

@; (Solar heat that reaches the collector, w)

)

| (Solar Irradiance, —

A (Area of the plate, m*)

A glass and plate are not capable of absorbing all solar radiation, some of the heat is
reflected, and due to that the transmitted heat through the glass can be denoted as t, and the heat
absorbed by the plate can be denoted as a to be added to Equation 1 as shown in Equation 2
where the value of 1 = 0.89 depends on the angle of the collector and thickness of the glass
while a = 0.81 depends on the plate material and color of the plate.

Q; = (ra) IA )

The temperature of the absorber increases when the collector absorbs the solar heat, for
this reason, the collector losses the heat, and are transferred from the absorber to the atmosphere
by radiation and convection. This heat is called heat losses @_. The heat transfer is occurring
between high temperatures of the collector T to the lower ambient temperature Ta according to
Equation 3. [8]

Qo = ULA(TP B Tﬂ‘] (3)
Where:

U,  (Overall heat transfer coefficient, ——)

Where: U, can be calculated according to Equation 4. Where U, U, U need to be calculated as
follows [2]

U, =U;s+ Ug +Ug (4)

Where: U is the top loss coefficient and can be calculated using the Equation 5. [2]

-1

N 1 T, + T, )(T,>+ T,°
Ut oy | T et ﬁ[)EENpJ:F ﬂ1)+0133 ] ®)
— 1, . -1 — . £
f‘:[—ﬁ}Jr—f] l[sp +0.00591Nh,,) " + : Bl_N
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Where: h,, is the wind speed effect on the collector and can be calculating by using Equation 6
while and & is Stefan’s constant (¢ = 5.67 x 107% W/m*K*). [9]

h, =28 + 3V (6)
Where:
v (Wind speed, ?)

€. = 520(1 — 0.000058%) = 484

B 100
e =043 (1 + T—) (7)

el

f = (1+0.089h, — 0.1166h,,=,)(1+0. 07866N) (8)

Where: £, is the effective emissivity of the plate, = is the effective emissivity of the glass and N
is the number of the glass cover. [2]

Uj is the bottom loss coefficient can be calculated according to Equation 9.

U, = K 9
5= (9)
Where:

. . 1 W
K, insulation thermal conductivity (0.04 —kj
.

L. insulation thickness (0.017 m)

Uy is the edge loss coefficient can be calculated according to Equation 10.
U = Us () (10)

Where:

A, Is the edge area while A4, is the collector area.

Then the heat received by the fluid @, is measured using Equation 11. [2]
Q,=Q —Q,=(ta) IA —U,A(Tp—Ta) (11)

The thermal efficiency of the collector is measured by Equation 12. [8]

Q, (ta)lA —UA(Tp—Ta)
Q. IA

n= (12)
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These equations were used to know the thermal efficiency of each collector. The solar
irradiance, plate temperature, ambient temperature, wind speed, and heat loss coefficient were
needed to calculate the collector efficiency.

4. Results and Discussion

The spiral and serpentine collectors were experimentally compared on 29 May 2022. The
serpentine and spiral collectors are the most common types used in flat plate collectors cause are
inexpensive to design and easy to maintain. The experiment was going on for 6 hours on a sunny
day. The starting water tank temperature for each collector was 32°C, and then it increased with
time until it reached 56°C for the spiral collector and reached 60.5°C for the serpentine collector
as shown in Figure 4. The serpentine collector performed better than the spiral collector because
the heat loss coefficient in the serpentine collector was less than in the spiral collector. The
average ambient temperature was 40°C. The water temperature rose in correlation with the rising
solar radiation. The largest value of solar radiation was 942 w/m* at noon. The present work
corresponds with [12] which used the thermal heat of the electric lamps as an alternative to solar
thermal heat. The lamp produces 80% of the heat and 20% of the light therefore it is named the
thermal lamp. The experiment was conducted in Egypt in 2019. The area of the collector used
was 0.1 m2 and the thickness of the glass cover was 3mm. The experiment proved that the
serpentine collector has better performance than the spiral collector and the efficiency of the
serpentine collector is more than the spiral collector.
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Figure (4): Change of water tank temperature and ambient temperature with solar
irradiance

The serpentine collector benefited from the plate heat more than the spiral collector for
that reason the water temperature in the serpentine was higher than in the spiral. The value of the
plate and glass temperature is shown in Figure 5. The plate temperature in the spiral collector is
more than in serpentine because the heat transfer from the plate to the fluid in the spiral collector
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is less than in the serpentine collector while the glass temperature of the spiral collector is close
to the serpentine collector because the glass has the same thickness and the heat reflection and
heat absorption of both glass covers in the collectors are close to each other. The serpentine
collector benefited from solar radiation more than the spiral collector as shown in Figure 6. The
maximum heat gain useful of the serpentine collector was 398 watts at 11 AM while the
maximum heat gain useful of the spiral collector was 341 watts at 11 AM. However, the
minimum heat gain useful of the serpentine collector was 174 watts at 15 PM while the
minimum heat gain useful of the spiral collector was 169 watts at 15 PM.
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Figure (5): Comparison between the glass and plate temperature for spiral and serpentine

collectors
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Figure (6): Heat gain useful with solar irradiance

The raiser tube absorbed the heat of the plate in serpentine more than the raiser tube in
the spiral collector. The efficiency of the serpentine collector was more than the spiral collector
as shown in Figure 7. The efficiency of the collector is decreased when the tank water
temperature in increases. The highest value of the serpentine efficiency was 46% while spiral
efficiency was 43%. The thermal efficiency of the flat plate collector depends on some items
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such as the plate absorber. The copper plate absorbs more heat than aluminum and steel plates
for that reason the thermal efficiency of the copper plate is more than that of the aluminum and
steel plates [10]. However, the thermal efficiency can be improved using a reflector. [11]
Experimentally, the effect of the reflector on the flat plate collector appeared. The area of the
collector was 1.05 m?* while the reflector area was 1.85m*. The thermal efficiency of the
collector was increased by 10% with the reflector.
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Figure (7): Thermal efficiency with solar irradiance
5. Conclusions

The spiral and serpentine solar collectors were compared under the same condition in
Duhok city climate. The temperature at some different points in the collector was measured
using the thermocouple, however, the wind speed and solar radiation were measured and the data
were collected by the Arduino microcontroller. Wood was used as insulation for the collector
while galvanized steel was used as the absorber, both of them are available in the market and it is
inexpensive compared to other materials.

The following points are concluded by the obtained results.

1- The experiment evidenced that the serpentine collector was better than the spiral collector in
terms of efficiency.

2- The serpentine collector reached maximum efficiency in the experiment of 46%.

3- Both of the collectors performed well which causes to increase in the water temperature to
over 55 C, which can be used as an alternative to the electrical heater in residential houses.

4- The collector thermal efficiency decreases with increasing water temperature.

5- The serpentine shape is more accurate than the spiral shape to heat the water.

6- The area of the collector is suitable for use in residential houses.

7- The water temperature was increased by 29.5 =C in the serpentine collector for 6 hours only.
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