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AR Bk ] A AL AR 2N, R DR A R R,
i FRCR N BTt 0 L 24 T S 8 36 00 A A i
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A R R BRI B T, DS A f A T DAY R AR
PEORHEE AT 8], S T i o e . 2 R0 7R
FEA AN B RIR T AR RE, RIS I A 5 5
AR LA 45 T 4 f5 . XSL RSP TR
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T = AEUERIE . WP AR S (Ste) HUWEE
IR TCRITERERC I, e BEAT AR AT T 5t
B, WS R AR AT AR TR AR R S5
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1.1 RIEM R AR G U R

AW 5T A RE 3 M A AL AR AR, B
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CLH E B M RE Ao Ak, it A HLAH AR R k)
WINARE A EH ALO;. Fe,054 Fe. Cu 4Kk,
H 2R A AR AR IR S8 5T A MR A R
FRABPEEERE RSO AT I, R — MR
IAEEE G A R

TR R FH A A AR IR B 64~66 °C, F AR AH
AR SETY 44 °C, WEARERAAZIRZ N 67~72 C, + ke
R IRHN (sodium dodecyl benzene sulfonate, SDBS)
HH R B UL R BR A ml et 4 Fh gk mokL 75 51
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Ky AKATH .
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PERHEAT 30 min AOBERE, DUIRIRSAL R E .. BE,
i WP I T T AR I ORORL, B IR R, gk
SEEEE 30 min, BERFHEEBERB AN, 25, K
TR G R e AR B TR S A B LR, AT
Lh R B . e, K& RmRAEAE A PCM M
AR LR, HE SR TEE, AR
AR, 155 PW/LA/SA = 0HE & PCM 3 1 T )5 42
FAE. BEE AP, SRl EAREES S E S PCM.
1.3 PW/LA/SA =t E ST SRR

HT =B AMEMENRLAEE L, N T D
WIS REL, I 2 SOk e T A EERR S AR R 1 A
ELfAh 75.5: 245892, 78 (R FF H MR 5 5 S R (1 T Eb
N 75.5: 245 ATHETN, AT 9 HAFE HLGl 1A i 5
2RS4 H PW/LA/SA = 70 A FHAS b R] SR o3t 5
A AR B T IR L

T WA R ELA ) PW/LA/SA =05 & A8 K
X GBI RE A, Ik B A T T AR 9 2L Ll
ZICREM AT T, TR S ISR AR EOFBCF M.

W 1 Fion, K9 4ilic th it = o 5 & MM R EE
GME SN 1~9, 1~9 FIFRRAE S5 0215, 0.303,
0313, 0.299. 0.288. 0.284. 0.278. 0.149. 0.148
W/(m-K), HHFE 3 SR EAEER AN 0313 W/(m-K),
H5HASHBLLMAERMLIL, SRR T 45.6%.
3.3%. 4.7%- 8.7% 10.2%-. 12.6%. 110.1%. 111.5%,
R 3N = e R A MM R EC L 590K &8
BRI A AT N — P A

F1 ZaHRNSRER

Table 1 Thermal conductivity of a ternary sample

Fedh FESECLL (PW: LA: SA) S A
Sample Sample ratio PW: LA: SA) Thermal conductivity/ (W-m"-K™")

1 10.00: 67.95: 22.05 0.215
2 20.00: 60.40: 19.60 0.303
3 30.00: 52.85: 17.15 0.313
4 40.00: 45.30: 14.70 0.299
5 50.00: 37.75: 12.25 0.288
6 60.00: 30.20: 9.80 0.284
7 70.00: 22.65: 7.35 0.278
8 80.00: 15.10: 4.90 0.149
9 90.00: 7.55: 2.45 0.148

W PW AN, LA AR, SA AREIRR.
Note: PW is paraffin, LA is lauric acid, and SA is stearic acid.
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Fig.1 Thermal conductivity of nanocomposite phase change
material samples
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FURRAE o IR PR D B9 ) AH A8 AR R 48 N 90 K SR 7T
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Fig.2 Thermal conductivity of dispersant nanocomposite phase
change materials with different proportions
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Fig.3 Sample plots of Cu nanocomposite phase change materials

with different weight fractions

WK 4 iR, 24 0.2%SDBS 44K 5 & A MR 5
ANEINAK Cu B, FES FIAECH 0327 W/(m-K), B
HYOK Cu it &= B AW N, 5 3R E0Z 8 8
BAK Cu R RN 0.5% 1% 1.5% 2% 2.5%
i, S8R H 5~ 0371, 0373, 0.374. 0.370.
0.368 W/(m-K), AHE T AWM K Cu i g s T
13.46%+ 14.07%-+ 14.37%- 13.15%-. 12.54%, SAR&IN
YK Cu WA Bh TR S 90K & & AR R T 3 R 3L
KRN Cu [ SRR &

; 0.40
E 0.39

W
=
o
®

0.371 0.3730374 ¢

o
w
Q3

0.36
035

SHERH
rmal conductivity (

o
o
r

F£ i Sample

B4 FRERELH CutfityFR A%
Fig4 Thermal conductivity of Cu samples with different
mass fractions



306 flk TR (http:/www.tcsae.org)

2024 4

BEAR, D R 5 R A5 L T 2 1) P 2 B S /N
AR MEER SR T2 8. 55— e
HETHRERS, X% E HE TSR PIuER s,
BTN — AL B 5 — . RITEYK R A AR
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a. Schematic diagram of the four fin base shapes
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b. Changes in the liquid phase rate
of the two-dimensional melting of the
fins of the four basic shapes
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Fig.5 Change in the liquid phase rate of the melting of the base
shape fin

AT A B 2 B AR fil A o B an 1] 6 o,
WA EH AR 40 mm, LA (heat transfer fluid,
HTF) ERNANHWNNE, HEAN 10mm, SMEEER
25mm, WEEENO0.75mm, B A8 5
N 60 mm. TEAE BRSNS R AR UK, PUA
SO 5 B A EAE N R L K PCM E 7R 2

B A Z AR R, B A AR G s i
ITHERGIRERT, mRE KRBT A E R b, miEk
TEI B I 2 HR R85 7 110 R B A a8 1A% PR A A 2k T £ s

c. Variation of the liquid phase rate
of the three-dimensional melting of the
fins of the four basic shapes
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b. Schematic diagram of the three-
dimensional structure
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a. Schematic diagram of the two-
dimensional structure
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g NE ST .
Note: D, is the diameter of the outer tube, D; is the diameter of the inner tube, H
is the height of the fin, 7 is the radius of the arc fin, and g is the acceleration due
to gravity.
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Fig.6  Structure diagram of the heat storage unit
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Table 2 Physical parameters of the material

YIS H fE e gy O
Physical " " Paraffin Wat Gl Stainless
ysical property parameters wax ater ass T

%% Density /(kg-m ) 800.0 9982 1190 8030
Lt A% Specific heat capacity
/(kJ-kgiLKil) 2 4.182 1.464 0.5
G 0.2 0.6 0.19 16.27

Thermal conductivity (W-m '-K")
FE Viscosity /(kg-m "5
AN 25 Coefficient of thermal
expansion /K
AHAZ7E: A Latent heat of phase
change /(kJ-kg™")
FAAS IR Phase change temperature/K 327
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NN AWAE, SEBTRAR S E0N 15 4FLBRE N 0 B,
INHE A, BPIRIXREIN N 0, BEiAH 73 %08 0.
[FIRZA A T SR 1D AN BRRX AR M RN ZE
TN B AR A 20 RR DXAH AR BB ) # 1
FmEE; 3) ZESHPIR X AR A BRI A 5535 /N B
MM 4) [T AL T 315 FAIRES s 5) g T
Zh P FE BV S DI, DRI, R X ) 7 FE AT DA
H5AH
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0pu

W+v-(,oﬁ,v,)=o (5

1o AR XIS MR35, kg/m®s Vo IR IX
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a(pMT}M)

ot

+V- (pMT}MVM) =pug —Vpu+V-QuuS ) +§)M

(6)
RV Vo AR FRE Wikt pa AR X RS b
BHAFE S, Pas mu WWPRIX AR EHOZ F1BFE, Pars;
Sy IR IX AR MR A T ok i, s S, it T
R D AR A AR B A A 2 2 (0 B B T, N/

RER T

A o BR XA R BETRS , T/kg: kw JIRIDIR X AH AR
MBS MREL W/ K)s Ty AR DO AR R B
FE, Ks Sy H TR DM AR R R} E [ 45 10 7™ 25 1Y) BE
BT, Wm',

EIRRIPIR X AR AR AR ) T R AL TORIPIR X )
PEV P, A, BhE IR, K B 2 IR IS R R &,
1 7 LA FEAH G T R 4 ) T R A P i S H IR
X AHAS AL B # B 5 VR 2

BIRDXAH AR AR (055 2 -

Py =piB+ps (1-P) (8
Ko AAREM R B, kg/m’s BRI EL K
WA RS H, X (9 & ps ARSI RHE A ) 2%
B, kg/m’.
0, Ty <Ts
Ty—Ts
T,-Ts’
1, Ty>T,

A Ts NARAR A RHE AR IS, K T AAE AR RGO
PR, Ko
RIIR X AR AR 2 %6
My = B+ s (1 =) (10)
KA WA R AR I3 JI %5, Parss ps NAHAZHE
BLEFH B0 SR, Passo
RIR XA AR T 40 R 2
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Kk, A BB AR SR E, W/(mK); ks A
AMAEHE A SRR EL W/(mK).
RIIR X AR RS -
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KA e AR Z 4G, Tikgs Trep AR RLT
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B E YR :
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HTF il #I5 BE 5 342 K, tb PCM 44 £ 15 K.
HVERER MG, WES PCM. # ) 5 PCM 15t
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Fig.10 Schematic diagram of the test system
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Thermal conductivity of composite phase change materials to optimize fin
structure of casing heat storage unit

BAO Wei , WANG Shengjie™ , PU Wanxing , SONG Zihao
(Faculty of Energy and Power Engineering, Inner Mongolia University of Technology, Hohhot 010000, China)

Abstract: This study aims to optimize the phase change material (PCM) and fin structure, in order to improve the heat storage
efficiency of the casing unit. Paraffin, lauric acid, and stearic acid were mixed with three organic PCMs. Once the total volume
was constant, the volume fraction of the three PCMs was adjusted to prepare the mixed organic PCMs. An optimal combination
was selected with the highest thermal conductivity. Then, Al,Os, Fe,0s, Fe, and Cu nanoparticles with different mass fractions
were doped into the organic PCMs, in order to prepare a variety of composite phase change heat storage materials. The results
show that four types of nano-Cu with different weight fractions (0.5%, 1%, 1.5%, and 2%) were selected as the additives to
improve the thermal conductivity of the original PCM samples of 0.2% SDBS. The thermal conductivity values were 0.371,
0.373, 0.374, and 0.370 W/(m-K), respectively, which were 13.46%, 14.07%, 14.37%, and 13.15% higher than that of the
sample without Cu nanoparticles, respectively. The composite PCM with 1.5% Cu nanoparticles shared the highest thermal
conductivity of 0.374 W/(m-K), which was 14.37% higher than that of the sample without Cu nanoparticles. The typical fin
structure of casing was summarized into four shapes: triangular, parallelogram, rectangular, and fan-shaped. The heat transfer
performance of the four shapes was numerically simulated, according to the same working conditions: the volume ratio of the
fin to the heat storage material, and the heat exchange edge length. It was found that the arc-shaped and straight fin were
combined to achieve the high melting rate of the fan-shaped structure. The three-dimensional numerical simulation was carried
out on the heat storage device of the fin structure using FLUENT software. Once the Ste number changed from 0.3 to 0.7, the
melting time was reduced from 7 207 to 904 s, where the whole melting time was shortened by 6 303 s. Once the Ste number
was 0.7, there was the maximum temperature difference between HTF and PCM. The natural convection was particularly
intense to further accelerate the melting process of the heat storage unit. The relationship between melting time and Ste number
was fitted by dimensionless quantity. The heat flux corresponded to the different Ste numbers. Once the Ste number was 0.3,
the peak value of heat flux reached 155 W at the beginning of melting and then decreased gradually. The reason was that the
HTF with the temperature difference between the initial and PCM entered the inner tube for heat exchange, and then the heat
flux rate increased rapidly to the peak, due to the superior thermal conductivity of the steel pipe, while the HTF was continued
to transfer the heat into the steel pipe, finally the heat loss occurred in the flow process, resulting in the heat flow rate gradually
decreasing until the end of melting. The peak heat flow reached 436 W at a Ste number of 0.7, due to the large temperature
difference between the HTF inlet temperature and the PCM. The findings can also provide a strong reference to improve the
heat storage efficiency of phase change heat storage units.

Keywords: structural optimization; numerical simulation; casing type heat storage unit; phase change heat storage
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