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Structural Optimization of Solar Phase Change Heat Storage Tube
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[ Abstract] Fins had an important influence on the heat storage capacity of phase change heat storage ducts. Taking six different

kinds of finned tube heat storage devices as examples, a three-dimensional mathematical model was built by CFD simulation

software, and the effects of fins number on the heat storage time and uniformity of phase change materials were analyzed.The

results show that the structure of fins can reduce the melting time of paraffin, but the effect of the increase of fins on the melting

time decreases step by step. When the number of fins exceeds 4, the change rate of the melting time of paraffin is less than 10%. At

the same time, when the quantity of fin is 5, the temperature difference coefficient is the smallest, but the overall change rate is

only 6.3%.Therefore, by analyzing the melting time, temperature uniformity and the amount of fin material used, the optimum

number of fins for solar phase change regenerative duct is 4.
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Fig.1 Detailed structure of the thermal storage duct fins
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Table 1 Thermal parameters of phase change thermal
storage duct
mE WA SRR HRER
(kg/m®) J/kgK) (WmK) (kJkg)

FICATR MR

FHAM L A 780 c 0.151 218
sia5#
S| 8978 381 387.6 e
)ﬂ]_‘
WX S5 1.225 1006 0.0242 —
1.2 Heppy

N7 U ST, XK BH REAH AR B

W A I B 45 A A R T Al 1 e BB
(1) ZWEHN G RESMBERI2M; (2) 2%
FEHYINERI AN AT IR G A s (3) 20 At A T DAL iR
FEERR 2 51 1 B AR o 0P HEAN T B IX g 2 1 7

FEUTR:
LT RE:
apa_,’_a(paui)zo (1)
ot Ox,
e e
0 0 oP 0
E(paui)+gi<pauiu,)——a—% Al
—an(pau,-u,)—pag
2)
A 2
6 0 0 oT
o1 P )+axj (Pt T) 8x/.( “ax,.)
0 —
_gj(pacp,aujT)
(3)
ﬁl:':‘: tﬂ‘jﬁj‘rﬁj’ S3 pﬂ\jgigﬁ:;, Pa; wui. ujﬂ\j

I YEE, m/ss xin x N RRAER: p, N
TREE, kg/m’s , ATAENIIRE, Pa-ss
W, R N IR uy u, N RIKBR
m/s; T, NBEEER N AR, K To AZHiR
B, K g NEJTINER, m/s?; cpo NTR IR,
IkgK): TAZRE, K A, WU FHE,



55 33 4555 5 ) e, S5 OKBHREARRE AVE R L . 499 -

W/(mK); 1477':1 Reynolds &I T A% K3
I, Ko

[F, T2 S & XUV N DU B W 2
WA E, O fEA SR H H Realizable K-efi 4,
PR T ARER K-ef5i 8!, FEUCF L RSB, Xt
T VA EO IR B B A B R FER

2 BEHE
2.1 LR
PR A BB U R

(1) KPFHAEAHAZ B N RN M0 5 5%
, WEANDRGEHN: 2.0m/s, BEHNS5CT, i
PREERE N 5%;: (2) KFHAEAHAZ & #v oMK 7
H IO %4 (Pressure—outlet); (3) & HUA K544k
50 R R AL & (Couple); (4) &
POXE A0 7R I 26 (WalD, FERE R
“Hi i,
22 RfpES MRS

KGRI ZSEOLE . EFEIOEE (2ddp) &
J13ER A (Pressure-Based), J# ¥ 2 20UR F 4o X ik
& (Absolute) FEFZA IS (Unsteady). #HEH
JEJ1HA G R H SIMPLE &%k, JE71. & i3
RE. FERCER. AR, WEPERA PR E SR .
R I I - Nl I T > AN NIV - IS
(Green—Gauss Cell Based), FFKHEE0 F AR 4F 55,
SR FH B N3 S AN R0 45 44 (%) TGrid DY [ 44 JE 45 1)
PR o BEANTHE X IR 72y 502915 S RAE,  H.
WRA A R AR T 0.8

3 ZRHHEITR
3.1 Sy SRR AR AR A AL E A1 AR
|

o[

2 120min FAREERNENRED
Fig.2 Temperature field of phase change thermal storage

duct at 120 min

B 2 D7 A [ A3 R 2 36 #4 120min 1R
M. WER EE, AEARARATR XA IR
BB /DN 3 P XU P ) K8 2 DX I 2 Ak T
BXIREE (55°C), (UESETEMERA HIBCK
R FE 0 1R o FL R PRI T Hy - FE AUl R e v s
E AR AR AR T AR A T A AR ) 8RR, [
I, H T A A R A R AT A A P BE A TR
RS, T e P AR TR BE B FE A BN o X 75 ]y
SERIBEAT 73 W, T LA B8R BRI 3 oot & HUX
ENERIR A A EE R TR
B, A1 IR DX IS S S e N 78 AR ) PAY D s
DI, R SR I LG A, TR
ORI FERR L s[RI BEE A A3 N, AHAR 3 A
JRVE P BRI, DX S5 ) T R 88 o 580 ] TP
S LRIB T 1 E I B, R A TR R AR X
FERARAI XSk 5 LR, 38 Sk Re s A 2 4
RN G AR E AVE b AR, RIS T &5
ey Al T XU A, A LA R A XX TR RV
WP AT TN, $ i 1 IR S AR R A
BRI R EEE, AR RE el
PR X IS A A R R R, PR IR S A &
P IR AR L, WIS S 5i e A% TR R AT BTk
59 WM, ANREIEL o PRIE INAH AR B IAGE R A
HeERIE R AL I H
3.2 ST AR AR AR AR AL I R

—— i F 5 FF 4 F
“r ——am [f 1 f f 4
—— A2 / )
52 | —— 3 ]‘ l

- 1 1 1 1 1 1 1 1 1
0 60 120 180 240 300 360 420 480 540

3% A 8] /min

B3 TEEHFERTEAENRERLZ
Fig.3 Temperature curves of different finned tube
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Fig.4 Effect of fin structure on melting time phase change
thermal storage duct
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Fig.5 Phase change material inhomogeneity with time
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Fig.6 Relationship between phase change material
unevenness and average temperature
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