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Main Objectives

V Designa modular concept of a thermal storage
tank/container for the candidatePCMs

V Design and optimize théleat Exchangeior the
candidate PCMs.
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Initial concept desigrg Rectangular / Cuboid
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Tank Material¢ 3 main options

_______________________________________________________________________________________
¢ N

| HDPE |  PP-H | GRPs
Long term operational ~ ~/®C ~9C  ~100C
temperature upper limit Acceptable Acceptable Acceptable

Compatibility with salt OK OK OK

hydrates

o | experimental experimental
Compatlbll_lty with study 1SO study 1SO OK
Paraffins 175:1999 175:1999
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Experimental studies In finalizing tank material

Immersionof HDPEand PRH samplesinto organicPCMS1SO175:1999Methods of
Testfor the determination of the effectsof immersionin liquid chemicals

AMPREG 21

EPOXY WET LAMINATING SYSTEM

¢ Low initial mixed viscosity
¢ Good cure progression from ambient only cures
¢ Non pigmented Resin and Hardeners

¢ Improved Health and Safety
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¢ Optimised for hand lay-up
¢ Excellent fibre wetting
¢ Germanischer Lloyd approved

¢ Mixratio of 100:33.3 {by weight)
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Experimental studies In finalizing tank material
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Experimental studies, laboratorial testings
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Experimental studies, DSC results
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Experimental studies, DSC results
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Experimental studies, Hardness,H
HDPE samples at 7, 28 and 40 days

HDPE! Ampreqg 21
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Experimental studies, Hardness,H
PP samples at 7, 28 and 40 days

PP &mpreg 21

1 I 7 days

[ 28 days
12 I 40 days
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Experimental studies, Mechanical Strength
HDPE samples at 7 and 28 days

B Elogation (20) 7 days I Elogation (26) 28 days
1400 — HEEE Young modulus (N/mm?®) 7 days Bl Young modulus (N/mm?) 28 days
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Experimental studies, % weight uptake
BOMHpolymersare . .,

affected 6 N
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GPRg Organic PCMs compatibility
¢CKS Wol Ol dzLdQ a2 f dzi A
Based on market and literature review:

GRPcan offer excellentcorrosionresistanceto a wide range of fluids
and gasesat ambienttemperaturesand evenat highertemperatures

GRPIs compatible to the paraffin wax and if the compatibility
experimentsshow HDPEor PRH polymersare inadequate(evenwhen
a protection layer is applied), then GRPsould be another option for

the TESS2b tank with
Themain reasonsfor insistingin HDPEand PPHcomparedto GRPsre:
higher cost
higher weight
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Designing of the PCM Tank

The tank design (side plate thickness and dimensions of the
reinforcingbars)was designedin accordanceo standardEN12573
3: 2000(Designand calculationfor singleskinrectangulartanks).

The mechanicalproperties of the candidate plastics are extracted
from the standardEN1778 2000 (Characteristicvaluesfor welded
thermoplasticsconstructions& Determination of allowable stresses
and moduli for designof thermoplasticsequipment).
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EN 12573: 2000¢ Screenshot of calculation sheet

CALCULATION OF RIM STIFFERING

Moment of inertia of stiffener ] 00,000 [T
Elastic modulus of the stiffener material E 133|N/mm?
Deflection of the rim stiffener f 5.732963654|mm

I

Rim calculation

CALCULATION OF THE HORIZONTAL STIFFENERS

Check the rim stiffering for assumed as fixed support

Maximum bending moment in the rim stiffener

Number of vertical sections

Number of horizontal sections

Skin thickness calculation

Moment of inertia of stiffener J 14,000,000 [l
Calculation of section n 1

Distance between vertical stiffeners X 850|mm
The effective depth of panels y' 86|mm
The excess pressure P, 0.00454|N/mm’
Maximum deflection f 0.852423|mm
Check the rim stiffering for assumed as fixed support 0K

Maximum bending moment in the rim stiffener M 28119.46|Nmm
Moment of resistance of rim stiffeners |W | 48008.84:].|mm3

CALCULATION OF VERTICAL STIFFENERS

Aspect Ratio X/Y>2

Calculation of section m < Moment of inertia of stiffener J 5,500,000 [T
The excess pressure on the base of rim P, 0.00076/|N/mm Calculation of section n 1

The effective length of panels x' 213|mm
Aspect Ratio |A5=XI‘Y | | TRUE Distance between horizontal stiffeners ¥ 600/mm

The excess pressure on the tank base P 0.00530|M/mm?
Thickness t 1.85 mm

mm Maximum deflection f 0.78211784|mm

Check the rim stiffering for assumed as fixed support 0K mm
Maximum deflection |f | 0.0?0202|mm Maximum bending moment in the rim stiffener M 23157.21|Nmm
Check |f<0.5'l | 2.50| ok Moment of resistance of rim stiffeners |W | 39536.593|mm3
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Final design of PCM Tank (Heating and Cooling)
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FE Analysis of final TESSEZ2b tank

casell case?? case3

] ] Tank matefial HDRE HDRE HDRE
Thecasesare investigated tankhickness(-gmm) 12 5 9
and analysedthrough the Rimmateril steel  steel  HORE

i orthegonal orthegonal orthegonal
ENL2573 _stand.ard and Rimiype R R e
the FEAsimulations The Tubewallithickness(mm) 1.5 1.5
: [ lonidimensio
tank is analysed for a o Seeken e I
servicelife of 10years Ribs - horizontal
Number of ils - 1
Rib cross sectionicimensions( - S0x25
HDREmass((KQg) 23.1 9.5 39.4
metal material mass KQg) 5.1 12.7
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FE Analysis of final TESSEZ2b tank
HDPE mechanical properties used in FEA

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

Fixed supportfor the bottom face of the tank

Hydrostatic pressurdor the inner skin of the tank
due to the PCM In liquid phase
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FEA results (Computational Domain)

Casell Case?? Case33




