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Abstract

Objective: To find out factors like specific heat, heat capacity and heat loss. Method/Analysis: Sodium nitrate (NaNO3)
is mixed in water with different weight quantity like 100g, 200g, 300g last 600g and potassium nitrate (KNO,) is mixed in
water with weight quantity 100g, 200g, 300g and 400g. Findings: Total heat holding storage is more in NaNO, than KNO,,
but KNO, has better energy holding capacity. But KNO, is reached saturation point in 1 litter water while NaNO, went up
600g without reaching saturation. Novelty/Improvement: Results shows big molecule has low heat capacity and more

Total heat or energy holding storage.
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1. Introduction

Storage of thermal energy is more imperative in many
engineering applications. As known, among the real-
world problems convoluted in solar energy systems is
the need for an actual means by which the spare heat
collected during eras of bright sunshine can be stored,
well-maintained and later released for consumption dur-
ing the night or further periods. Similar problems ascend
for waste heat recovery systems where the unwanted
heat availability and employment periods are different.
Heat storage can also be useful in most types of build-
ings where heating needs are substantial and electricity
rates consent heat storage to be cheap with other forms of
heating. There are various types of commercially existing
systems, and numerous new enlargements in the technol-
ogy are taking place. Therefore, the scope of this paper
is to appraisal sensible heat storage methods for space
and water heating applications. Nowadays most of the
researcher focus on molten salt storage. This is good but

its only we can use in high grade thermal energy. Some of
previously done researcher as follows.

One of the researcher using PCM for lowering the
heating and cooling demand as required. Its finding of this
review is consolidation of the PCM based thermal storage
systems have great potential to replace energy expended
systems and delivers the efficient energy unadventurous
system!. In this research nitrate salt-water is the candidate
of storing heat. Some of them using river send for making
appropriate for high temperature thermal energy storage
in Concentrated Solar Power Plants and it observed 1087°
and 1041 J/kg/K average heat capacity and this is used for
high grade thermal storage® This paper represented low
grade thermal energy storage. One of researcher conduct
experiment with two-pass solar air collector with thermal
storage’.

The application of low grade thermal energy with
the use of adsorption system are simply thermody-
namic system based on heat exchanger’. They try to
improved present thermodynamic system?. The valua-
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tion of thermal properties of various PCMs, methods of
heat transfer enrichment and design conformations of
heat storage facilities like solar passive and active space
heating®. Results were not as expected. One of researcher
performed experiment for thermal stability of eutectic
mixture (LiNO,-NaNO,-KNO,) of nitrates®. They only try
to calculate some property like melting point and solidi-
fication point. And one evaluates the melting point and
thermal stability of conventional salt systems. And evalu-
ate the physical and chemical properties by Differential
Scanning Calorimetry (DSC)~ They didn't express the
applications. One of the research conduct by two mol-
ten solar salt (NaNO, and KNO,) and HitecXL (ternary
salt Ca(NO,),, NaNO, and KNO,) for reducing electricity
costd. This research is good but its costly and not use for
low grade thermal energy storage system. Few researches
presented by thermodynamic cycles like Organic Rankine
Cycle (ORC). In which important candidate is Refrigerant
and turbines®. This is also costly process. Solar pond is
also part of thermal energy storage system one of Istanbul
university conduct research on solar pond. In which they
conduct three-zones names the upper convective zone,
the non-convective zone and the lower convective zone all
zones are solved analytically and numerically'®. The result
attained by Analysis not experimental. One of researcher
used a steam accumulators and molten salts for Thermal
Energy Storage system for conducting electricity and
they comparison TES calculation with different types of
Rankine cycles'. This process concentrates on high grade
thermal energy with molten salt.

This experiment performed to check salt-water mix-
ture is feasible to low grade heat energy system. In which
salt is added with base water in different mass quantity to
notice change in various thermos-physical properties. If
this is possible then this system is implying all low-grade
heat storage system like car radiators, centralised Air-
conditioning etc.

2. Experimental Setup and
Methodology

Figure 1 shows the experimental setup for thermal energy
capacity. Apparatus of this experiment is two concentric
Aluminium vessel of 2 mm thickness each with 230-watt
heating coil is fitted in a lid of aluminium vessel. End of
heating coil cover with silicon for avoid electricity to the
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system and for temperature measurement using K-type
thermocouple probe is fitted inside entering via lid. For
showing salt-water mixture process like fault (if any),
boiling etc. small window made up of acrylic sheet.

In the experiment salt were added in equal quanti-
ties start with 100gm till salt reach their saturation point.
This mixture heated gradually at its boiling point. Time
was noted down for every 1-degree temp ride till boiling
point.

Figure 1. Experimental Setup.

For check Energy holding capacity calculation
changed the lid of this container without any attachment.
Main vessel same as before after this case too time was
noted down for every single degree of temp drop.

3. Results

The objective of this experimental study is to find water-
based nitrate salt mixture use as a Low-grade thermal
storage system. Main factors based on this experiment is
following:

o Specific Heat Capacity, ‘Cp’
Energy Holding Capacity
o HeatLoss (Q, )

loss
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3.1 Specific Heat Capacity, ‘Cp’

Specific heat is defined as any system is the amount of heat
required to raise one per degree Celsius temperature. The
Temp vs. Specific Heat graph for water, NaNO, & KNO.,.
Variation in the value of Cp can be easily & distinctively
seen. Fluid system was heated gradually from 50°C till its
boiling point. Values of time were noted for 1 degree of
temp rise & Specific Heat Cp were calculated using fol-
lowing formula:

szxCPxAT

C = Q
P mxAT

When compared for 100gm addition of salts in 1 Lit
of water KNO, has more value of Cp than NaNO, & water
has the maximum Cp. But, its NaNO,+ Water which
has the maximum boiling point & water with the least.
Difference in boiling points of two salt mixture for 100gm
addition is very less.

For next 3 levels of experiment with 200gm, 300gm
& 400gm addition of salts in water results were more dis-
tinctive & clear. Results indicate that in every case NaNO,
has more Cp, more boiling points & without a doubt more
heat input capacity or Heat Capacity shown in Figure 2.
Also, Cp of NaNO, is always less than that of water in
every case, which in fact only improves the situation since
it's easy to provide more energy in less time & overall
heat capacity increment is seen by rise in boiling point.
Moreover, KNO, reached its saturation point at 400 gm &
30°C, but NaNO, didn’t reach saturation at even 600gm
addition. Further addition of NaNO, beyond 600gm
wasn’t done, but the system didn’t reach its saturation.
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Figure 2. Shows the Temperature vs. specific heat graph.
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3.2 Energy Holding Capacity

One more important factor which effects overall efhi-
ciency of Thermal Energy Storage System is its ability to
hold the energy given into it. A good Thermal Energy
Storage System is the one which can hold energy for lon-
ger duration of time as a function of drop in temp.

For testing the test fluid was poured in the equipment
& K-Type digital thermocouple was utilised for noting
temp decrement. Results indicate that rate of cooling is
more for NaNO, than KNO, implying, that NaNO, lacks
in energy holding capacity. As the size & atomic weight
of molecule increases its holding capacity is increased
shown in Figure 3.

I Purc water
I 100gm NaNO3|
I 2002m NaNO3
[ 300gm NaNO3|
I 400gm NaNO3
I 5002m NaNO3|
I 600gm NaNO3
I 100gm KNO3
5.0 (I 200gm KNO3
[ 300gm KNO3

6.0 4

50-60 60-70 70-80 80-90 90-100 100-110

Temperature (°C)

Figure 3. Shows the Temperature vs. Heat capacity graph.

3.3 Heat Loss

Heat loss is a measure of the total transfer of heat through
the Aluminium of an aluminium vessel from inside to the
outside, either from conduction, convection, radiation, or
any combination of the these. Figure 4 shows the result of
heat loss during cooling of nitrate salt solution. As envi-
ronmental condition this is the very impressive result as
estimated. As experimental result 100, 300 gm NaNO,
is good as comparison KNO, and water due to the large
molecular size as KNO, that'’s why sodium nitrate cooling
time is more than others.

Energy loss equation:

(Tf _Turm)

Qs = (68 86686775)

T, = final temperature when cooling start

T . =atmospheric or outer temp during experiment

atm
Q,, =Heat Loss
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4. Conclusions

This study investigated the feasibility of a mixture of
(Nitrate salt + Water) as a possible Thermal Energy
Storage system for low grade waste heat recovery. Two dif-
ferent types of salts utilized for experiments were NaNO,
& KNO, Reason for selecting these two was their low

Il rure water

I 100gm NaNO3

0.012 4

0.010

I 300gm KNO3
0.008 —

0.006

Qloss (kJ/sec.)

0.004

0.002

90-85 85-80 80-75 75-70

Temperature (°C)

Figure 4. Shows the temperature vs. heat loss graph.

cost & huge difference between their atomic size. Based

on performed experiments following conclusions can be

drawn out:

o 'This nitrate salt-water-based mixture is feasible in
thermal energy system.

o As the atomic size of salt increases specific heat of
mixture decreases & overall energy storage capacity
decreases. But temp increment of system is faster.

o Every nitrate salt-water mixture specific heat capacity
lower than pure water.

+ As for energy holding capacity KNO, has shown bet-
ter results than NaNO,. Its reason only atomic weight
of this molecule. As basic concept increases molecule
size and weight then its continuous motion decreases
and it provide better holding capacity.

After successful experimentation this is the proof
such a system is feasible and has able to increase thermal
storage capacity. And its proving if molecule is small it has
more heat transfer rate.
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