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VDesigna modular concept of a thermal storage
tank/container for the candidatePCMs.

VDesign and optimize the Heat Exchanger for the 
candidate PCMs.

Main Objectives
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Initial concept design ςRectangular / Cuboid

Tank without 

supporting ribs

Tank with 

horizontal 

supporting 

ribs

Tank with 

horizontal and 

vertical 

supporting ribsAccording to EN12573 standard
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HDPE PP-H GRPs

Long term operational 
temperature upper limit 

~75oC
Acceptable

~90oC
Acceptable

~100oC
Acceptable

Compatibility with salt 
hydrates

Compatibility with 
Paraffins

OKOK

experimental 
study ISO 
175:1999  

OK

experimental 
study ISO 
175:1999  

OK

Tank Material ς3 main options
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Immersionof HDPEandPP-H samplesinto organicPCMs(ISO175:1999Methods of
Testfor the determination of the effectsof immersionin liquid chemicals.

2
 

P
O

LY
M

E
R

S

Im
m

e
rse

d
 in

 4
 P

C
M

s 
a
t 7

0
oC

A-44

A-46

A-53

A-58

Experimental studies in finalizing tank material

HDPE (A)

PP (B)
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Experimental studies in finalizing tank material
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SEM
Observation

DSC
Mass 

measurement
Optical 
Microscopy

Mechanical 
Tests

Frequency

7 days 28 days 40 days

70°C

Experimental studies, laboratorial testings
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70oC/7 days
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Experimental studies, DSC results
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Experimental studies, Hardness HV
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HDPE samples at 7, 28 and 40 days
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Experimental studies, Hardness HV
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Experimental studies, Mechanical Strength
HDPE samples at 7 and 28 days
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Based on market and literature review:

GRPcan offer excellentcorrosionresistanceto a wide rangeof fluids
andgasesat ambient temperaturesandevenat highertemperatures.
GRP is compatible to the paraffin wax and if the compatibility
experimentsshowHDPEor PP-H polymersare inadequate(evenwhen
a protection layer is applied), then GRPscould be another option for
the TESSe2b tank with

higher cost 

higher weight

GPRs ςOrganic PCMs compatibility
¢ƘŜ ΨōŀŎƪ ǳǇΩ ǎƻƭǳǘƛƻƴ

Themain reasonsfor insistingin HDPEandPPHcomparedto GRPsare:
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Designing of the PCM Tank

The mechanicalproperties of the candidate plasticsare extracted

from the standardEN1778: 2000(Characteristicvaluesfor welded

thermoplasticsconstructions& Determinationof allowablestresses

andmoduli for designof thermoplasticsequipment).

The tank design (side plate thickness and dimensions of the

reinforcingbars)wasdesignedin accordanceto standardEN12573-

3: 2000(Designandcalculationfor singleskinrectangulartanks).
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Rim calculation

Skin thickness calculation

EN 12573-3: 2000 ςScreenshot of calculation sheet
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Final design of PCM Tank (Heating and Cooling)
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Thecasesare investigated
and analysedthrough the
EN12573 standard and
the FEAsimulations. The
tank is analysed for a
servicelife of 10years.

case 1 case 2 case 3

Tank material HDPE HDPE HDPE

Tank thickness  (mm) 12 5 9

Rim material steel steel HDPE

Rim type orthogonal 
tube

orthogonal 
tube

orthogonal 
beam

Tube wall thickness (mm) 1.5 1.5 -
Rim cross section dimensions 
(mm) 40x20 50x25 61x100

Ribs - horizontal -

Number of ribs - 1 -

Rib cross section dimensions (m) - 50x25 -

HDPE mass (Kg) 23.1 9.5 39.4

metal material mass (Kg) 5.1 12.7 -

FE Analysis of final TESSE2b tank
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Hydrostatic pressurefor the inner skin of the tank 
due to the PCM in liquid phase 

HDPE mechanical properties used in FEA

Boundary conditions
Fixed supportfor the bottom face of the tank

Material HDPE
Density (Kg/m3) 950
Young modulus (Mpa) 800
Poisson's ratio 0.42

FE Analysis of final TESSE2b tank
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Case 1 Case 2 Case 3

FEA results (Computational Domain)


