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Effect of Thermal Stratification and Insulation
on the Performance of Parabolic Trough
Collector

Prem Kumar T, Naveen C, Avinash Kumar R, N. Praveen Kumar

Abstract: Parabolic trough collector (PTC) is a two
dimensional solar focusing collector which collects beam
radiation on tracking. In this research, closed parabolic trough
solar collector of aperture area 0.6979 m? copper tube receiver
with black powder coating of diameter 22.6 mm, surface area of
0.05996 m? is used. The concentration ratio (CR=Aa/Ar) of the
PTC is 11.3. PTC is provided with top glass cover to induce
greenhouse effect and to protect the reflector surface from dirt,
weather, oxidation. The significance of insulation & thermal
stratification and its effect on the performance of parabolic
trough collector is studied. Non insulated storage tank led to high
collection efficiency till 14:00 pm whereas it lead significant drop
in system efficiency after that. Because of stirring the effect of
thermal stratification was collapsed which reduces the thermo
symphonic effect. This led to reduction in the system efficiency
(difference of 16 %) of parabolic trough collector and also
reduced the final temperature attained by water (difference of
4°C) in the storage tank. Hence insulation of storage tank without
stirring is preferred for higher efficiency (maximum storage
efficiency of around 73.91 %) and higher final temperature of
water (59.7 ° C).

Index Terms: Parabolic Trough Collector (PTC), Thermal
stratification, insulation, Efficiency.

I. INTRODUCTION

Energy consumption per person is in the trend of
increasing nature day by day. Hence the demand pulls the
supply of energy source. Hence the dependence of fossil fuels
could not be avoidable but it leads to global warming as well
as depletion of its own. In order to meet the energy gap, it is
essential to move towards the renewable energy. If certain
amount of energy gap could be met by renewable energy,
dependence on fossil fuels will come down. Hence energy
dependence on other countries for energy source will come
down, which can pave the way for sustainable development
and energy security of one’s own nation. Solar energy is one
of the renewable energy sources and is widely used for many
applications includes solar heating, solar drying, [1] [2]
[31[4][5], anaerobic reaction [6], solar distillation [7] and
power generation too. In the area of solar thermal applications
contribution of flat plate collectors and parabolic trough
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collectors are remarkable [8, 9]. Many researches have been
done to improve the efficiency of PTC like inclusion of glass
covers over the aperture area [10], changing the material of
receiver tube like steel, copper, aluminum and even alloys ,
changing the coating of the receiver tube like high
absorptivity black paints, black powder[11] [8] etc.

Thermal stratification is the phenomena of formation of
different layers of water in different temperature. Because of
the density of difference the top layer will be occupied by the
hot water and bottom will be occupied by high density cold
water. These layers are separated by the layer called
thermocline which is also called as region of rapid
temperature range. Lot of researches has been carried over the
thermal stratification, its effect and its benefits. The effect of
position of phase change materials on thermal stratification in
a solar water tank is analyzed in detailed manner. The impact
of its position, diameter of PCM balls along with the water
flow rate is analyzed and compared. [12][13][14]. The effect
of thermal stratification is also compared with natural
convection by certain researchers and also concluded such
that both are interdependent with each other [15]. Apart from
the study in solar water tanks, the effect of thermal
stratification is studied in cryogenic tanks [16] , cooling
channels for liquid rocket engines [17], pressurizer surge line
[18], liquid metal pools [19], liquid hydrogen tank [20]. All
the researchers reported the significance of thermal
stratification in the different applications [21-25]. Hence it is
decided to study the effect of thermal stratification and its
effect on parabolic trough collector is analyzed in detail in
this study along with the effect of insulation of storage tank.

Il. EXPERIMENTAL SETUP

The closed loop setup was connected for the study of PTC
over the day and it is shown in the figure 1. The inlet and
outlet hose pipes (i.e. inlet and outlet of the receiver) were
drilled and K type thermocouples had been inserted. It was
calibrated by means of using standard air bath (AMETEK
CT650B). Thermocouples (K-Type) were connected to data
logger (Yokogawa GX20). Different temperature levels were
fixed in the air bath and corresponding readings measured by
thermocouples (data logger reading) were noted down.
Difference between the two temperatures was calculated and
appropriate calibration was carried out.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication



Effect of Thermal Stratification and Insulation on the Performance of Parabolic Trough Collector

The overhead tank was connected to the PTC by hoses
through main inlet valve and T pipe. This tank was mainly
used to fill the water in the storage tank initially or at the start
of every experiment. The main valve also can be opened if the
thermos phonic effect stopped at any point of time. The valve
can be operated manually. The outlet of the PTC was
connected to the storage tank top end with the help of hoses.
The bottom of the storage tank is connected to the inlet of the
PTC through connecting valve and T joint. The connecting
valve should be closed whenever the main valve is opened.
This is to ensure that the water from the overhead tank follows
the path through the receiver of the PTC and hence first
heating can be done there. The inlet, outlet and top cover of
the storage tank were drilled to insert the thermocouples
which were connected to the data logger for the measurement
of the temperature.

Figure 1: Experimental setup (PTC)

I11. RESULTS AND DISCUSSION

Experimentation without stirring and with insulation of
storage tank

Figure 2 explained about the temperature
distribution of water all over the storage tank (measured at
four different places say top T1, upper middle T2, lower
middle T3 and bottom T4) for the experimentation without
stirring. The collector efficiency and system efficiency were
calculated and it is shown in figure 3 . The efficiency analysis
was done in figure 4 between different time interval and
storage efficiency was found to be minimum at time interval
13.00-14.00 p.m. The heat analysis was done and shown in
the figure 5 where the heat collected ,stored and input heat
were mentioned in kJ.
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Figure 2: Temperature distribution over the time period
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Figure 3: Comparison of collection efficiency and system
efficiency
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Figure 4: Efficiency analysis over the time period
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Figure 5: Heat analysis over the time period

Sudden steep in the temperature of the outlet water is
noted up to 68 °C during initial startup of the experiment. This
is mainly because initial time lag for the start of the thermo
shyphon effect. Initially the water inside the receiver will be
heated and there won’t be any movement of water. Hence
there is sudden increase in collection efficiency is also
observed in figure 3. Once the water is heated (here up to 68
°C), the water become less dense. And this reduction in
density and the relatively high inlet pressure of water due to
water head in the storage tank caused the forward movement
of water and the hot water reaches the top of the storage tank.
This effect causes the effect of
thermal stratification.
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It accelerates the effect of thermo syphon because of
the temperature difference between the water at inlet of the
PTC receiver and water at the top of the storage tank. Till the
attainment of thermal stratification (till 11:50 am) there is
some drop in collection efficiency is also observed and after
that it increases. The effect is further witnessed by viewing the
temperature distribution graph over the height of the storage
tank. The temperature of top layer of water in the storage tank
is increased at higher rate. Whereas the temperature of upper
middle and lower middle moved at lower rate. The bottom
layer water temperature is increased with lesser rate and even
up to 12:20 pm the temperature is almost constant. Although it
seems to be negative effect i.e. lesser average temperature of
water in the storage tank, it paves the way for higher motive
force i.e. thermal stratification which will be discussed in next
section.

Because of the better motive force for themo syphon i.e.
thermal stratification and high beam radiation till 13:30 pm
the collection efficiency reached the maximum value of 81 %.
The system efficiency too attained the maximum of 72.08 %
at 12:20 pm. One of the main reasons for reduction in system
efficiency after 12:20 pm is because of the temperature raise
of water which is linearly proportional to heat losses to the
atmosphere. Heat loss to atmosphere will be in increasing
trend if the difference between water and atmospheric air is
more. Even at the end of the experiment, the system efficiency
is found to be 41 % which is appreciable. The heat stored
during the 14.00 -15.00 p.m. time interval was very low i.e.
142 kJ whereas the amount of heat collected was around 343
kJ. One of the main reasons will be more heat loss from the
system to surroundings as the temperature difference between
hot water and atmosphere increases. During the time interval,
collector efficiency was also very less due to decreasing trend
of beam radiation after peak point. It is also observed the
temperature difference between the outlet water temperature
from PTC and inlet water is also in the decreasing mode
which actually collapses the effect of thermal stratification.
This is also one of the reasons for the reduction in collection
efficiency as the time proceeds after 13:20 pm.

Effect of thermal stratification

In order to study the effect of thermal stratification, the same
experiment is repeated but along with the stirring the water in
the storage tank at regular intervals. Stirring is done four times
at 12.00 pm, 12:30 pm, 13.00 pm and 13 .20 pm. Figure 6
explained about the temperature distribution of water in the
storage tank.
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Figure 6: Temperature distribution over the time period
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It is clear that effect of thermal stratification was reduced due
to stirring. Immediately after the first stirring i.e. at 12:00 pm,
the top layer temperature of water dropped down significantly
from 50 °C to 46 °C. The upper middle temperature is almost
constant whereas there is significant hype in lower middle and
bottom layer temperature readings. Now the entire tank is at
same temperature. This nullifies the effect of thermal
stratification and hence the effect of thermo syphon is
threatened. Then once again after certain time period the same
pattern is repeated. It is observed that after each stirring of
water in the storage tank the top layer temperature dropped
down whereas the lower middle and bottom layer temperature
increased up to average temperature. The upper middle layer
water temperature almost maintained the constant value
because of its closeness wither average temperature. Because
of this fluctuation and collapse of thermal stratification at
regular intervals, there is abrupt raise and fall in the system
efficiency which is shown in figure 7. The collection
efficiency maintained constant nature i.e. 70 % but attained
less efficiency because of higher inlet temperature of water.
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Figure 7: Comparison of collection efficiency and system
efficiency

The summary of the effect of thermal stratification is listed in
table 1 along with the insulation effect which will be
explained later.

Table 1: Effect of insulation and stirring

Maximum Final Maximum Final Average
Quantity Insulation System - beam
of Time | Stirring of Taecwiz(\e/::guk;e temperature Efficiency eff;::;&;r;cy radiation over
water (hrs) (Y/N) tank tank watery atend of at time end of ex the time
(L (YIN) S o (°0) interval o) P period
P %) > (Wim?)
18.3 3.14 Yes No 65.7 54.9 51.54 26.56 535
18.8 3.27 No Yes 63.9 59.7 67.71 42.65 536
18.8 295 yes Yes 6285 55.4 51.80 33.98 553

In spite of high average beam radiation on the stirring along
with insulated tank experiment’s maximum system efficiency
(61.87 %) as well as maximum temperature (62.85 oC) could
not exceeds without stirring along with insulated tank
experiment’s values. The final temperature (55.4 oC) and
efficiency (34%) at the end of the experiment were also not
higher than without stirring
experiment’s values.
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Hence we can conclude that stirring of water will reduce the
effect of thermal stratification in the aspects of both efficiency
and temperature attained by water too.

Effect of insulation of storage tank

The storage tank was not insulated and two thermocouples
were used to measure the tank temperature which kept at top
and bottom of the storage tank. The inlet and outlet
temperature of water from PTC were measured. The
temperature distribution is captured in the figure 8. Stirring
was done three times i.e. during 12.90, 14.00, 14.90 p.m. The
instantaneous collection efficiency was calculated over the
time period and the graph was plotted in the figure 9. The
maximum collection efficiency was observed to 64 %. Heat
analysis was done over the time interval of different time
periods say 11.8-13.00, 13.00-14.00, 14.00-15.00 and graph
was plotted in figure 10. Maximum amount of heat collected
is stored during the timer interval of 11.80 -13.00 p.m. and
effect of lack of insulation is not visible during this time
period due to high outside temperature.
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Figure 8: Temperature distribution over the time period
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Figure 9: Collection efficiency over the time period
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Figure 10: Heat analysis over the time period
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After 13.00 pm significant drop in storage heat is found out.
The negative storage after14.00 pm indicated the lack of
insulation which results in negative storage efficiency as well
as system efficiency too in the specific time interval which is
shown in figure 11. The collection efficiency was constantly
maintained around 50 — 60 % across the time intervals but the
storage efficiency was maximum in 11.80-13.00 p.m. interval
but minimum at 14.00-15.00 p.m. interval.
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Figure 11: Efficiency analysis over the time period

The effect of insulation can be analyzed from previous figures
and also with the help of Table 1. From figure 10 ,it is clear
that the negative storage heat leads to reduction in the total
system efficiency .Because of the absence of insulation, heat
can be easily lost to the surroundings particularly during the
late noon period and it is applicable to early noon period too.
Out of three cases in table 1, without insulation experiment’s
final efficiency was very low i.e. 26.56 % compared to other
day experiments. Hence insulation is preferable and
suggested.

In the present set up, the hoses were not insulated. It is
suggested to insulate the hoses too and hence considerable
amount of heat can be saved which leads to increase in
efficiency. The maximum temperature achieved in
non-insulated storage tank is higher i.e. 65.7 °C than all other
cases and it may due to the addition of extra heat from the
surroundings particularly during the noon time period. It is
also proved by high efficiency i.e. 89 % at that time interval
12.00-13.00 hours in figure 9. But at the same time final
temperature attained by entire amount of water is less than all
other cases which confirms the necessity of insulation.

IV. CONCLUSION

In this research closed loop circuit for PTC was done and
the effect of insulation and stirring were carefully studied. It
is concluded that by means of insulation considerable amount
of heat can be saved from loss particularly at the time period
after 14.00 p.m. By means of stirring the effect of thermal
stratification was collapsed which reduces the thermo
symphonic effect. This led to reduction in the system
efficiency as well as final temperature of water.
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Hence insulation of storage tank without stirring is
preferred for higher efficiency. It was even proposed to
insulate the hoses which connect the PTC with storage tank
too in order to reduce the heat loss particularly when the fluid
is at high temperature. Alternatively removable type of
insulation (attach- retract type) in storage tank can also be
incorporated and storage tank can be left non-insulated till
14:00 pm in order to attain maximum collection efficiency.
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