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Low temperature solar assisted system based on slurry PCM
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VNTRODUCT’ON 1

The exploitation of solar energy for space heating purpose through traditional
solar collector is often not profitable, since higher heating demands take place
when low (or no) solar energy is available.

R (heating season: Torino i Italy, 2617 HDD)
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The adoption of traditional thermal solar systems based on water and water
solutions implies a relatively high working temperature of the heat carrier fluid
(50 °C 1 60 °C being a typical range).

This is required in order to:

o provide with the HVAC terminals an enthalpy flux large 2
enough with reasonable flow rates: D = #@ cQTout- Tin) =k

o allow for sufficiently small o P
energy storage systems: } Q=r¥a@, BT - Totar) e e
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e muu ENGY BLRLINNG EAVIOVMENT

VNTRODUCTTON - 3

These constraints determines:

oareduction of the us afdherlmalsolar ( A s o
systems (the solar fractions reduces with the increase
of the temperature of the working fluid. Higher

fluid temp. means
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INSTANTANEOUS EFFICIENCY - (EU METHOD)

n=F@ ) alln. bdm=q,- 8, &F - 4, &0L

GT

Where, DT, is the true (arithmetic) mean fluid temperature difference:

OT-+T ~
P =T,-T,=@i_tog T
¢ 2 =

There is a critical value of the incident solar radiation, G, for
which the efficiency becomes zero (losses equal the gains):

o _laGnT+a,an7) SN? A
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VNTRODUCTVON 5

Lowering the critical value of the incident solar radiation, G, allows to improve
di UTILIZABILITY of the solar radiation (i.e. its exploitability):

Marco Perino,
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Figure 2.22.1 G, versus time for a day. For the hour
shown, I is the area under the G, curve; [, is the area
under the constant critical radiation level curve.
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VNTRODUCTION )
U Switching from the exploitation of the sensible heat to the exploitation
of the latent heat allows to address these issues.

Tempetature T
A
To b= e e s et e ) —— —
ﬁo
Tw .
?B J
&
coha meltng liquid
T, !

thermal energy Q

u Heat qux and thermal energy can be exchanged and stored at 1

volume thermal storages and T
flow rates. =
150 ?T=15K B
st I Bl
o P - \r:_:j7‘- [ B
Form: http://www.rubitherm.de/english/index.htm famy oM Moo, Daie EOM
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Strategy and material selection -1

U One solution can be the use of traditional Phase Change Materials
(organic/inorganic) storage systems coupled with a water (or other
fluid) system. Nevertheless, this strategy implies heat exchanges with
finite DT between the water/fluid flowing inside the solar collector loop
and the PCM storgqe and between the water flowing in the HVAC
terminals and th storage. Each of these heat exchanges
Introduces irreversi 4); nd energy/exergy losses.

Solar collecior

| Water pri%ary |

TS -

=} Cold water feed
Pump
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Strateqy and material selection - 2
U In order to eliminate these inefficiencies and to reduce the overall DT, a
solar system based on Slurry PCM is proposed.

Slurries stay always liquid (even if with a high viscosity) and can be
pumped regardless from their state of aggregation.

Polymer

Wachs

Slurry is created through a suspension of a
micro-encapsulated PCM in a water
Solution (different concentrations)

U The PCM can be used directly as a heat carrier fluid in the :°
various loops of the thermal systems. :

U Two system configurations can be adopted.
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Systermn configuration selection -1
Configuration 1: Two open loops circuit

o maximum theoretical thermal efficiency (no DT),
o More challenging from the technological point of view

PCM primary @
loop aSt iSR t/ a
PCM fidyngmic 0
T1 T tank \<
i / ———
/ Tmedia(°C)
\j‘l golidificaziong°C) [‘OR
—\
T 3

PCM secondary loop
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Configuration 2: One open loop circuit with Slurry PCM, one closed loop
with water

0 Less efficient from the point of view of the thermal efficiency (one
DT),
o Easier technological implementation.

{ < Water secondary loop

PCM primary
loop

tank

T1 T / \Vl —
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Research project : phases and acwwms
U State of the arte review,

U Analysis and selections of the suitable PCM,

U Characterization of the Slurry PCM and of its thermophysical
properties (weakness: few studies and information are available on
slurry PCM fluids. Durability and stability not well known).

o Construction of a purposely designed laboratory test rig,

o Laboratory characterization of the fluid (different PCM
concentration dispersed in a water-glycol solution will be tested),

U Design and construction of a prototypal thermal solar collector
(suitably designed and sized for working with the slurry PCI\@/

U Monitoring of the solar system for at least one winter . IS
Season. v.'.'o .....;..:c.
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Selection of the phase change material

micretek

laboratories, inc.

Capsule Wall

MPCM 37

Microencapsulated P
Phase Change:37°C , 98

Competitive Product Microtek’s Product

~50% PCM 85-90% PCM (n'e I Cosan e)

Capsule Shell

Core; PCM in solid state

Temperature Rises

&€

As PCM solidifies, heat
energy is released back to
the environment

0\.. .:‘: QB,,/V

./

@)

(e

ECy

As PCHM melts, & absorbs
heat energy

Tenperature Falls

0\,\T

'0;0-00“.
Core; PCM in liquid state -
Capsule Shel % 1859
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