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Abstract: In this study, a numerical analysis on the discharging performance of a thermal storage tank
completely filled with packing modules is investigated. The enthalpy-porosity method is adopted to analyze
phase change phenomenon. Using this method, the melting process of a packing module in the thermal
storage tank was studied as the HTF (heat transfer fluid) flows down from the top of the tank at the
discharging mode . There are some design factors such as the module arrangement and the number of
modules, but this study focuses on the effects of varying the flow rate of the HTF on the outlet temperature
of the HTF, molten fraction, and thermal storage density. As the flow rate increases, the outlet temperature
of the HTF gets higher and the total melting time of the PCM decreases. Additionally, the thermal storage
density is increased so that it reaches about 93% for the desired value.
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Table 1 Thermophysical properties of n-tetradecane

Properties Conditions

Density, p 760 kg/m’

Dynamic viscosity, U 0.0025 Pas

Specific heat, ¢, 2070 J/kg

Thermal conductivity, k 0.15 W/mK

Latent heat of fusion, L 223560 J/kg

Thermal expansion coefficient, 3 | 0.00091 1/K
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< Thermal storage tank > <Packingmodule > <Simplified numerical model>

Fig. 2 Schematic diagram of numerical model for the
present packing module

e} agol FletFomA BARE P o
63:

< Boussinesq TAFRE O A gt
Q1] JMASY wE 2y v AATE A e
g 53 2o
Continuity :
vU=0 4)
Momentum :

U
Py == VotV U+ pgB(T=T,,1)+S5 (3)

Energy

DH 9

o VT (6)
H=h+AH (7

stozx st Al 2AY
e gd AdEe Az Wil Wag
T
O T R T
T,
AH=)XLE 85" Fd3o 49 t9 &
A2 G0
ANH .
AH  T-T,
A=y ——= —«+— 1t 7 <T<T
L 1—11_]; 1 s l (8)
AH .
Tzl 1fT>_7;

ST oA o] A §= C(1—\)*/N - U

ojt}. ol EYAHoz A JHoA = HA A
HEE A7} 00]7] wiEol SO gho] ¥-3jel 7k
°oF AAX Fes 4HE] Folv JTe ¢}
= aAoMe HEE or W= Jdoln,
MA gl A=1¥ "= S7F 00] Hol FE9
s Ags T4 &= AE gusth o=

) BT K| b A
Energy :
DT .,
pcpﬁ—kv T (9)
4) HAM s HIX|E
A (0o Fold FAuww wdds 37}
2 sasg
%Oﬂuh: — Q_ %oejaok(k‘v]) (10)
2 2= = T T
ECETE[CY
t .
Q: fO mf(]},inlet - ]}mutlet )dt (11)
t

= /0 pfA Iffcf(]},mlet - ]},outlet )dt

4

23 E7|=AH 2 dH=E=A
PCM, Oézdﬂ%iﬂ 1 H3 25 27| S5(T)E
t>0 °]F= 11Ce 494

‘1:‘. Fafe] we} olfE &
2A #rt dEg Fel osiA A AdE
HE=H(Tw) 6CE Ao 1‘14. RS E

3.1 72k
AA e 1047k BN fel Folol
2 gagh

YERATE ARist 2%
qro] Qlom = 4709
AHsl e 6C7HA = w2
PCMS] WEaHNE ST 25+

53] 250 LPM (liter/min)2] 74§ FIx Z79



11fF — — 750LPM L~
P S 550 LPM -
= - =
£ 350 LPM F A
Pl — -~ -
L = ~ e
) F —..— 250LPM - L
s 3K
& E
= =
=1 7 -
Bt =
2 sF
z E
& SF
4
3F
0
Time (hour)
Fig. 3 Outlet temperature of thermal storage tank
for flow rates of 250, 350, 550 and 750
LPM
- o 250 LPM(N ot =
_ LPM(Natural convection - g
B of HTF included) -7 e
- — — 750 LPM -
0.8 |- 7
_ SRR 550 LPM <
& = L
= i 350 LPM 7
Z 0.6 A
= [ —..— 250 LPM
2 -
= = o
& B s
= -
§ 0.4 |-
= = gy
= i
0.2 |
ol_ 1 1 1 Il [ 1 L 1 I 1 1 1 Il 1

Time (hour)

Fig. 4 Total molten fraction of PCM for flow rates
of 250, 350, 550 and 750 LPM
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