HWAHAK KONGHAK Vol. 35, No. 5, October, 1997, pp. 755-761
(Journal of the Korean Institute of Chemical Engineers)

AASHA|ARC] SHAHUA Eojl ot dXE JET

ojel - stYt

54

Qaeeism st
(19973 49 299 A4, 19971 8¢ 18U A=)

Heat Transfer Enhancement by Fins during Heat Storage Stage
in a Latent Heat Storage System
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Abstract— Heat transfer characteristics of a low temperature latent heat storage system during the heat storage stage
was examined for the circular finned tubes using Na,SO, - 10H,O and paraffin wax as phase change materials. The heat
storage vessel has the dimension of 530 mm height, 74 mm inside diameter and inner heat transfer tube is 480 mm in
height and 13.5 mm outside diameter. Hot water was employed as the heat transfer fluid. During the heat storage stage,
conduction was the major heat transfer mechanism for the Na,SO, - 10H,0, while both conduction and natural convection
were the major heat transfer mechanism for the paraffin wax. The heat transfer enhancement by fins over the unfinned
heat transfer tube was negligible with the thin finned tube system whereas the enhancement by the thick finned tube was
significant. The experimentally determined overall heat transfer coefficients for Na,SO, - 10H,O and paraffin wax were in
the range of 80-180 W/m’K and 50-180 W/m’K respectively.

Key words : Latent Heat Storage, Heat Storage Rate, Heat Transfer Coefficient

1. A £

32 A7) Friel £730) W E riEstE AfAide] ad
olell ME di7|ed, 27233t 5 BAEAN 3] HE HF
A o] el gt d7oRde] &ds] 2= 1w gict. o]o we}
A2 o= e gt ohel A8 ozl AM8T)E
= F3% A7HA7E obd 5 ek FelAE dellviA)e] a8
Ml o] 8-S A% 7ig7ide] F8% ATFIA R ¥ "ty
AR, Aok Ay o A o]871%e] A= et
ol2i®t AV ELS A1, AH o2 WEste 24tsEle] gl A
F olA]e| Bz o)7L A3, Fdstet] AFH 2 oA §

755

2 AHsl7] A e SEA 299 rlete] 87t
SEAATL AYR] BAAA 9} elLiz] AREA 7ES] A7, A,
AR o2 BAshe BUdAE st clape) ovixle] 584 4}
45 7Fe3HA et ol FdAX A"l 2A A4, B S-S o)
S8 ¥EFAYF Y2 xolx hdstE Yoy BAGFE T
ZIeBHEYE ol 4ste Fd5EH, 223 rtdubsd S ol 4l
$et5dy Sol sich. AHsEA L] Fde ol gshe Sl
9L} D970 U A FAG Dol 4ol
HAAM A28 2718 £ 5 dE el ek w3 Ad Sy
< ARSEE AEAe] o] 2xiZe] Al dAY LxoA &
d W AL 3EE 35Es oA Ao] FUF BAe] it




756 ' ' |17 - &g

ol FAFIA AR AY AFE T2 HYY 2dAYZ 97

€ 249 B 39Us, A Budste] Ha e o
A=E, 315ha QbA) 2 e BN 29 niZsie gdEAe
Zed F38 A1) =3 Fd3d209 gl Aeelel shyzt
e Haslahs o8] 712] WolAe) el Fjs) gon, QA
2 FelA 9] FAdgdgAe] At A dTE Abo u)
lgtdet. 2ol o] 22 Yanadoris} Masuda[2[= &3} Hhod 31x
8 A A A el 7 AERS AMesld 2dzy)
o A FAS FRAFAEA JAY 58S NS
315351, Herrick[3}2 <=3 3140 453 0]4% Sejq) wuk &3}
24 dALE A= AYE 519}, FU o)A Choi S
[4]o] Aol A& M3} AL PAhe AT73)5) 5, Fouda =
[5), 7 Sl6}e AL A9} Ahisl Exlo] A2 23 Iz
g Aol B3t A7-E S8}

ol2i¥t AT ANE nlko 2 B AFoxE B4t dEal
et E o2 F7e 2942 vl veugas 2gga
2 A 9] AAA S9N 298] 2eA, o
A A o] wistol W2 JAD 8BS w) @kt sl 71434
d Ade] 2daiq BRE QR Sodare Helgganc
AR, P23 FE2E JAs) sk 289} 20 B
S3lchks ®e] sk ¢l seldgdat gaur) the) g &
DI AR T ZHAG 2R} 2L Yo A} 7R o
20, ddst 37 DEA) 27) WEel] S olx] )
2} Ad@Fte] dughelx] AW ohle} zlde)Fol ojsle] QA
2o] AYPH R o2 oEo] Ho] JHG Fgo] Y ROz Wik
e} wEol] o]2lgt e A ZdA)e] Aol ©pE 9944
A9 AT B4 A9 e AL 2979 Ao 7]xHel 57}
€ Aoz AARI) olg2] Fd2 QA ARoX AT L ik
A3t dAdD FAVL B2 S92 Yt 53 95 Aol ¥
7P Hele] 83 Ae EHste] GG Wdo] Zr)w FEAH
A ARS-EL Ao Akl B2 dA Y Fx10] YT AL A
o] 7, 24D A flewe) fare Wsa 5o AgHeg
sl A} spadc).

2. g 3R L Wy

& ¥l 8" 9A2%9) N FHEE Fig 16 vhehy)
ek 42 $9EUS AYshe A5 219 7 3o 2o
FAH A4 fAZS o] Yoluhs AdBoE FAE 9)
o S92 2L 292 RrEolg o] 7o) 74 mm, o)
< 530mmels] HARLE o)FHo 2] WEBE Ao 13.5mm,
el 480mme]v, 932 A70) 19mm, Fol 530 mmeolc}.
Aol AHE AGBE BF Ihx) ERGom shie Hdd o
of Ho] gliz 7 U, 1 F oMk QA 2202 95 St
747t 0.4 mm(thin fin), 3.0 mm(thick fin)3] 33 T-& ALg-sleic). A
< 40mm ZFA L 2 1207} Subeko 2 el L= 9t} A}
4€ Ao g 4T =L Fig 20 Yehigic gdg &
ARE £& AH3T 99 fle 9B Yrigoz Sof
7H "Rl A o133 Aole) 28 Frhe Eabe] 912 sEnix
gargo] o] FAx|A| sjyct. Aabo] o] Lo Al A
& HAFL A AL Fol7] A fAY GF ENgow Yug
HPRE R-Eel 27 2mme] 2] A& 7hghct.

FIELY] 2ERIS 2] 2l5te] 8719 7t 2o uby
W} S 71502 T-ype SN E Axslalc). A= 2
mme] 7hs 2HH A AY BTl Alglale] BrE S junction

Blet3s M35A MIsE 1997 108

1. thermal energy
storage vessel

2. heat transfer tube
3. A/D converter

4. computer

§. insulation

6. temperature controller

8L .

9. water bath

10. electric heater

11. water pump
12. cooler

T : thermocouple

Fig. 1. Schematic diagram of test facility.
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Fig. 2. Details of heat transfer tubes.
O : thermocouple on the heat transfer tube wall, & : thermocouple
in the medium into the radial direction, x : thermocouple out-

side into the radial direction, * : dimension in mm.
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Table 1. Thermophysical properties of phase change material

T Panaffin wax _ NaSO,- 10HO _
Peritectic point 42-44°C 324°C

Heat of transition 189 kJ/kg 241kJ/kg
Specific heat(solid) 2.4klkg - K 1.76kJ/kg - K
Specific heat(liquid) 1.8kl/kg - K 3.30kl/kg - K
Thermal conductivity(solid) 021W/m - K 0.544W/m - K
Density(solid) 765 kg/m’ 1460 kg/m’
Density(liquid) 910 kg/m’ 1330 kg/m’
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Fig. 3. Axial temperature distribution of paraffin wax in the unfin-
ned tube system.
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Fig. 4. Axial temperature distribution of Na,SO, - 10H,O in the un-
finned tube system.
(time=0.5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100 min from left
to right).
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Fig. 5. Effect of inlet temperature and flowrate on heat storage rate
for paraffin wax in the unfinned tube system.
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Fig. 6. Effect of inlet temperature and flowrate on heat storage rate
for Na,SO, - 10H,O in the unfinned tube system.
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Fig. 8. Heat storage rates of Na,SO, - 10H,O for three different tube
systems.
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Fig. 10. Total heat storage ratio for Na,SO, - 10H,0.

A 2T QUL FAY FULE} i hRel vase] dA Y
o) 3748 ¥ % AUtk =1 Fo| ¥3e A9} Vo] g AL

ol viste] AT o] T8 & 5 ok Fig. 109] o)

A5 A9, 3 5939 70%S F93ted 27EE A7)
T3 AP 2ANA F7E o] ¥-24% AGRS AT A% 40
Fol 85 vlsle] Ao] gl HADE AL A9-olle o 80
Bol 2898 ¢ 5 Qlch 2F 2L o 48 F9shed] 497
€ A7 ALl do) F2A4R G e A9} o] gl AR
o ke S5ES & § AdoH o]2A Aol o dAHG 2119
S 5 A B Ak G219 9ol ok A} FA
<+ W9 FL5H o7} arkA] ZA) gl wislo Yz A
ol gk A3} F7E A2 A9l F95He 2 Ao} AT
& 5 sk o] 7L seta ] A polle AlATFoll 97 o
2 e} o] difet A Ee] Jeg e wh, ko] A9
€ olehE Ao A7) vinlely] Y Ao AR

34, SEHAVAS

FLFARAE sk dIM Fas T 218 3o 3
vhe dAEA St o)t dALASTE $9YAE sk
3 oM 875 AdHA L AASLT 275+ heat loadol] B Q.
g AR 2] 271§ AA sk 2549 2h80]7] w o))

£ Agdxe S9N 989 /A9 fleE, E7LE,
223 FLERY] 2EF A7 Aol whebd SAsAT o) A
FALE R E] AYHQA o|FT Ay |olx2] HGARAE A}
£3lo] AT 22 RYASUYE 2AsIA}

(TM _Ti)

- (Tpm- -T.)
U, = 7D, L(T, - T) ®

In

A7 T ADRS] 593 T4 30mm 27490A9] )
2ol T, T,& 949 #49] 442 g7 4 27-2xo|th &
U ol HAH] gle AdBolX Y FRAADAGE FAshd
A= W] WAL wesix] 9x o] AXHR) ke Ao
L WAL Al FRIALASE oM, oj2 VY |
ol ¥ ddE FR& GALAS] 27124 viwsidct. S
2o FAFHH M AdAe] mopstel] g 2FIAYA S

HWAHAK KONGHAK Vol. 35, No. 5, October, 1997



760 o]l
300
| —— unfinned-tube

<z — — thin-finned-tube
”é 250 |t thick-finned-tube
= |
= 200}
]
2
b |
=
2 150
(3]
e
& 5
g
s 100 |
i
3
5 50 -
>
o |

ol 41

0 50 100 150 200 250 300

Amount of heat storage, Q (kJ)

Overall heat transfer coefficients of paraffin wax during heat
storage stage.

Fig. 11.

Azke] Aol whe W5HE shelAekacl Bae] A4 27t Fig 11
3 12¢) vhehiedeh. Fig 119] sjejiekag Sz Abgshale
W Boixl GARASL) A7) Apoll e WehE Aen, 27]
o B& QHBASEE AL A3 age B 5 Qo
Azbol 23] AR Folt A AAL A7} Trle ¢ 4
aleh. H99ge] Fubre] ARDAGT} Bk AS FAAT
3] gl ol AQRF Wake] 24 ehdr) gl 3
22 AN Y Fig 129 F2e) 9ol o0 vhs ke
AHDAGE 2o0] Azbo] Aol weh A3 Pashe] YHY
ke A e ¥ 5 glow], Bar) s £49 FolE e 5
paishac] 7 gold] & AdhFe) sdgol ehix) 2heg ¥ 4
Slek. o1 E W) 5ol el BA ] Hla) Wb 2A)
doz ARz} dARYY) ol ARd oz Gie)
Follie MW} AR Amel) SJale] Fodo] o] Foixz
2 ¢ 5 Utk TY QYN oIz Bzo} Helugre) 2
% AHDASE Ao setugas) Zge] e ohe}
AulFoll M= D] o] Fol ol £ BF5}w Wo] ¥4
e el dolzl HF FADASE o W' KA 2
Felel Mg AHgstel P2E A2 o] ol AF
A<l 0Wm'K ueh 9319 282 & 4 Ak olAL &

A elA dAge] Fo WSS Axoln, ATE A=

AN

2 ¥ o o

KR
J

Table 2. Fin efficiency for thin and thick finned tube system
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Fig. 12. Overall heat transfer coefficienets of Na,SO, - 10H,0 dur-
ing heat storage stage.

= -
TExE

9839 dAEEs} 0.54 W/mK 19 uhale] sje}seba
< 021 W/mK9] gt& zh= Ao g due 4 o). gelx ey
g20] A9 A Axo 23l o] Adgrty 547 whzole] o
AxTe Aol2 B o] gz o g nhxoA] ozl QA5
A=<l oF 45W/m'Ke] GAZASE 7Hd ez oabe] s
ST ANA TS A Fe oz dxde] x|
9 FARRE 2719 GAGASTE ZE Aoz wE. 39
Choi F{7]°] AR} AEAR] o4 2AS SAANZ AFEsle] o
17 DA o 60-70 Wim K24 £ A4 Polal A=
A} w23 g Belz glon Hrhd ZAAle] o A}
Adifrh L AslA] okg-g At

w$aE =

3.5. mo| gmctEX &8

AdE Gz A st 25} AQdB}e] AL A5 9
slo] A9 W) FE-S Yolus] gste] ulme] y]Fo 2 o] A
A=A o3-S ATl Q1R SALAGE AFg-asic).

£ AFele Ao B4E 1) M) B AL ] Z7]o)
gk Ao Aol wE AGAGe] 27| 2A el Table
oke A7 TS AL Ao Axste] ozl YF Y
Ao}t Do) T8-L Jehilich oA 2 5 9)lS0] T We
AHERE 797 SR AS AMSR AN BE We] B S-S HolT

R
L

Thin-finned-tube Thick-finned-tube
Paraffin wax Na,SO, - 10H,0 Paraffin wax Na,SO, - 10H,0
Bare tube surface area A,(cm’) 239 278 239 278
Extended fin area Afcm’) 516 619 565 678
A
Ratio of finned tube area/bare tube area A, =—AL 21 22 23 24
b
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U stem U ain
Ratio of enhanced heat transfer coefficient U, i 0.6 0.3 1.2 0.8
plain
Fin efficiency n, = — 0.27 0.14 0.51 0.33

A,

*Average overall heat transfer coefficient in the unfinned-tube system.
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Paraffin wax=71 W/m’K, Na,SO, - 10H,0=90 W/m*K.
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: heat capacity of liquid phase PCM [KJ/Kg °C]
: heat capacity of solid phase PCM [KI/Kg °C]
: heat capacity of heat transfer fluid [KJ/Kg °C]
: diameter of heat transfer tube [m]

: heat transfer tube length [m]

: mass flow rate of heat transfer fluid [kg/s]

: inventory of PCM [Kg]

: instantaneous heat storage rate [J/s]

: theoretical maximum heat storage [KJ]

: initial temp. of PCM ['C]

: final temp. of PCM [C]

: melting temp. of PCM [C]

: inlet temp. of heat transfer fluid [°C]

: outlet temp. of heat transfer fluid [°C]

: PCM temp. in the vessel [°C]

: overall heat transfer coefficient [W/m’°C]

: latent heat of PCM [KJ/Kg]
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