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Effect of Design Factors on the Performance of Stratified Thermal Storage Tank
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ABSTRACT: This study is to systematically analyze the effect of various kinds of design
factors on the performance of stratified thermal storage tank. Taguchi method, known as a
very reasonable tool in the parametric study, is employed in the present work. Three di-
mensional unsteady numerical experiment is conducted for 4 design parameters of stratified
thermal storage tank: inlet Reynolds number, Froude number, diffuser size d with 3 levels
(Re=400, 800, 1200, Fr=05, 1.0, 20 and 4d=150mm, 200 mm, 300 mm) and diffuser shape
with 2 levels. Orthogonal array Lis(2X3") is adopted for the analysis of variance. The result
gives quantitative estimation of the various design parameters affecting the performance and
helps to select the main factors for the optimum design of stratified thermal storage tank.
Reynolds number is found to be the most dominant parameter and the diffuser shape plays
significant role on the performance of stratified thermal storage tank. Based on this finding,
the prior questions on the contribution of the diffuser shape proposed by the authors become
clear. The optimum condition for the performance is a set of d=300mm, Re=800, and radial
regulated plate diffuser. Conformation test shows the repeatability in the analysis and 1.3%
difference between the estimated thermocline thickness and that of numerical result.

Key words: Daguchi method(t} A %H), ANOVA(EAHEA), Stratified thermal storage tank
(4229 =%), Thermocline thickness(2=Z3 A& F4)

72l e A 9H s Gr : Grashof
A HFA A [mm]
d dFA A7 [mm] Re : Reynolds &, Re=pVh/u
Fr : Froude %, Fr= V/V ghdp/p Ri : Richardson %, Ri= Gr/Re?
g =874 % [m/s T : 2% [T]
t A [8), fE AYA T [mm)
¥ Corresponding author V i OFAd 745 [nvs]

Tel.: +82-2-3408-3776; fax: +82-2-3408-3333
E-mail address: jdchung @sejong.ac.kr



1078 AAE . ut

agl

>
Ho
|

6 @ FAYLE
g AEAF [N-s/m’)
o : 3% (kg/m’

ot X
C AL
H @ 31
1.4 8

4% Agise Fuoz JuxxAY n7
2 J1FUs 5 ARG ERus) dgs) 9
AAE 1 U ASS AU FoEH @
ZARHY HYFEY FHE 2= AUX ol§
7% 2 =90 Basth oF Astd AmA
Aol FPeANA AR Y4HD & B
@ f9e NgAUAE Heotel ALEHE
2e AU HHRE s 2ANE Ao
AFS Bag Ropolh 3 =AMGe A7
% 4ol 208 2oz dux AEREA o
$ 531 874240 A4E Ados nesHE
Z% qUAE Asetel WDt 2 39S 9
doz Agets AL AAMel WP we Aol
G0 olg gAAE WS dee AFS F 6
5 0188 4 QA7) A AAF sl B4
Hoz a7dr

9AF 2Ho2 AEAE BE BYUE FIA
FEEPEe Be 27 *éi]ﬁlsﬂr A,

&g, 87433849 2H 2 de Ae

l> R ofo ob

ALk AE E9 1998%‘3 Ul'—'—f A IAF
2] 34%7t #54 WPE AgsH aF
%E 29849 250 wWE YEWIE o F

4] 22 4 (Stratified Thermal Storage)4 4]
et Joh? o] A4 d4FL FEA2H
d ARHA FF vAH, A2 A4

e X

F4e ARAE 2AFY B¢ 945E A
3 FAAANE Aol Fasth 712 AT
992 AAAAE 97 A2 AT

rﬁ O.A.
_>:L

¥ 94 ¥ 9ed, $7]998 5
%, 44 de @3 o= weld gl
SRAA AR FAERE AR %

rshgﬁh_hrsholr.\gm]os,to_ﬂh}r R
ox
olr

® (it N{E
N

. %

8
b

A% FIJAAZ d3HA A A HeF
A= dFA AN F2F A ]EJr
24798 B8 5 ATAFNA AXT ¢

2R Ty UFAY 5o AUHALY “4
FA @] 4% 4% U]?‘]“ P o] n|
e A= AdJA7tEE EHF, v Joa
A FEdxz AsAEd vAE J9EE o=
Aot g A& FeA HJ =23 F
dzx AT $2% 4L vAe Ao o
A de 2 A AAAQAL & EW Reynolds
9 Froude (X% Richardson 4°) $9] Alstg

MM S48 AdE ohdzt stE o7

5
rz. o ot

©:

AN EQY. oY BHAYE 349 wAA
Holehe HAHQ Aot WEo] kg A4

uidt FAddE AYsride AN dN7) 9
Foldth WA B =RdAe d¥Agyges
4% AANTEY JFE FAd ¢ HEd =
T2 oe® 7)Y (Taguchi method)® & =9
ste] B AAAY A& FHEAL. FEF
Ao d3¢L e dAQAZE OdFA A
3 34 Res, Fr<, tFAH A7) 42 AH84
t} ol & B3 9A FAAHE) dg AHFe
T $9E dAIAY REZHQ dAY WES
o] &3 A%Y HNE B|ASE AL AYdtxu

AANFE] JRES Aotatd AA $8T
& 3le ARE AFHTA o
2.5 4

HYLFOAN A o) HQz9 ar% 34

Fig. 1 Shape parameters of regulated circular
plate diffuser.



AEE59Ee Aol A dAJQAL] 9% 1079

£ A A7) 12600 mm X900 mm X900 mm, = A}
Y £EF), I A% 4L vAs AAQA
2ZA A A4 A" ReFs Fr,
Fig. 1904 A" dFAL zZ71(d) dFA<
AL dEste) 1 9FS AHE

Re = (1

th

- RV
VRi Gr ghdp/o
e 4 7 OFA A4 iz CATIA

2 =98 A48tz ICEM-CFDE ZAXE T4

5 e *EE"J}OM STAR-CDZ #H4 & 4

gtk AR 9P HPLTIN AR v

s ol BAHz sws}aac}. Ay e o

S3 Zol gEd.

L Een-s
\/_—lé--g?(\/—_Pui)‘f'jii‘j(Pu/uz T5) =
(4)
0D

Lxe og R gL 2T9 P4z
zojx An%P2 PN oz grgo Agsir)
w3 st stE 2EEY oA HAA
%% 2% 34z HRAY 2 AT
FAHQ £xA4 Wi =dY He Had
FOGN s)estgonz wES F5y] s A
gal7)2 Pt

HHs] MEE ZANA gravity current?t &
AHd 29 e AU AdAsHd L &
HE23E o)E 4 Y= AT YA oH &
A9 084N 98 4898 Gz 54y
NEzANNY 7t AAJRZL Re=800, Fr=
10, UFA e y4e 9% FRYPoZ Ay d=
200mme ol BarArh 99 2L 47kx] HA
A7t Az A% HAE 9% HYria
g5t Q1o FF(level)2 Re=400, 800, 1200
o2 3FF0o|8, Fr=05 10, 2022 3+&
FA A7 d=150 mm, 200 mm, 300 mmo. 2 3
Z UFAY e 99 FuAy A9a7%)

M AGE 98 24PAY Y 25F 02 HAFHIA
o 1_53 Z‘-’é%‘%"‘é FA 4 7H§¥Z—1°‘ Eices
o 11 #ERFLE Fig 18 2, A€d 9
st Zo] 2 =79 %7I7P AP ATFOel A Hjotg
4% =49 eY dFA Fdol 9= 4%l 7l
Ae 9%, 719EE FIdsqu Foirl "gEd
4% BaYgH B 717 22 AREHI Sle

HY YFAS 74 xnegde] g2dsht «E9
AAQA, & ReF, FrF, dFA A7) d& HY
OFANAN F53A Azl o#Feol
Al B =RdMe dFA4 34& 271A2 A #e
712 &t}

£z 4T TYE x4 d& HolF

FA 9 d‘&% Hrpstzle] Ags 2=HAZF
7 (thermocline thickness)& Bl o2 H o] F
dRY. 2=AFAZ FAE HABE Add 23
27t 0194 09 AFol gt 7tRlE Eoli}
z Resg©

- _I=Tc
0= =71 ®)

ARG gixste FAAEL HE Aoz o
< 7 gt U HL 9E, Az AT

P BE Fof dAte Hg%e BT AR
E GA ARFY o) ik dE W 3FF
9] 3Rz} 29E9] 1UAE 2 Ey] HME
% 2X33=549] FAAYo] HAsA Hoh 3z
o H A Hdolgte BN o $XAET 24
GHz Pentium 4 PCol*] ¢ 48x]7t0] 20522
BE ASE mgsirlde ofsige] Wi 9
TU z#ste AALRYE g AS ¥E S
XA FLAGE B §93A A YY)
AT AAAA FHTol "o ¥ Aotk 4¥A
Yy Az e A izl ddS
o2 #3m dHolHE ogA FHalw ojwF
A Wy g dojeE E43H H4o HY
ATy A ARE 2 F YE7IE AF
dle Aoz EAE4(analysis of variance)—% 5
o Fog JAE ot HAH{zAE T
ok BAENoHd EAX AXE 11] HEe
HE)ez ey o AFEE ZF QA9 AF
oz Este 2 vl & TS FE 8
glo} FolI7IE ol Moltt Z 299



1080

AFRE 1 209 AFES Yrd 2 29
AF Wol Hu ool Wt Al
7te FARE $8he] QohulA "t

B dpolsE Fadwe Mg aedez v
Astel Aagel APA52 e A4 )
A & Y& Lig@x3)e ATNIEE A3t
HAg FPsRh SAANEE gl A9 2
ER3A%F FAE LR 1 gol AL,
Zdxe ATl 5 Y2540 HEHTh

=t

3. 2% 2 2

£AAYe HRge A8arOs Bz
shehs of7lE WEAL A9Z Re=400, 800,
1200004 9% BRYS 49 2AFRY UF
Ao) W AT Fig. 28 AR Az
458 A7ter) daAE Azel o8 BFH
Jguz £EAAS FA7 AHolok AW 2E
AN e A4E AT & YonZ ]
A9 Re=800, Fr=104 7b¢ £E3#%
A7 SAL 1=1500s0 49} e SAAZ ool
Aystach =9 1=000sol4 Fe s e
2 Relg ¥Wugd Resst ©E Al
£=1500 sol 4] Re=800° th-$- EEg o

&
=
T

s =

L

- 28

300
=
E 250
&
S
(=1
e
9
£ 200
Qo
g
]
Q
;
S 150

100

0 500 1000 1500 2000 2500 3000
Time, s

Fig. 2 Time-wise thermocline thickness of three
different diffusers for Re=400, Re=800,
and Re=1200. Fixed Fr=1.0 for all cases.
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Table 1 Experimental results of orthogonal array Lis(2x3)

Shape Fr d Re e e e e Exp.
No. 1 2 3 4 5 6 7 8
1 1 1 1 1 1 1 1 1 296.14
2 1 1 2 2 2 2 2 2 253.08
3 1 1 3 3 3 3 3 3 257.05
4 1 2 1 1 2 2 3 3 298.81
5 1 2 2 2 3 3 1 1 257.69
6 1 2 3 3 1 1 2 2 264.75
7 1 3 1 2 1 3 2 3 262.61
8 1 3 2 3 2 1 3 1 262.81
9 1 3 3 1 3 2 1 2 264.93
10 2 1 1 3 3 2 2 1 247.09
11 2 1 2 1 1 3 3 2 261.25
12 2 1 3 2 2 1 1 3 249.86
13 2 2 1 2 3 1 3 2 254.90
14 2 2 2 3 1 2 1 3 251.91
15 2 2 3 1 2 3 2 1 256.08
16 2 3 1 3 2 3 1 2 258.72
17 2 3 2 1 3 1 2 3 267.52
18 2 3 3 2 1 2 3 1 260.32
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Table 2 ANOVA analysis

Shape| Fr d Re e e e e
Sum of squares 67491 | 33 |464.47|1210.78/194.79|151.32|165.56 | 81.79 |280.25 |<interaction
Degree of freedom 1 2 2 2 2 2 2 2 12 |<fe
Mean square 67491 | 165 |23223{605.39| 97.39 | 7566 | 82.78 | 40.9 | 7556 |<Ve
Pool check 33 194.79 ] 151.32 1 16556 | 81.79 | 626.46
Fy 8.93 3.07 | 801
F(¢;, ¢g: a=0.05%)| 4.75° 381 | 381
F( ¢, ¢p; a=0.01%)| 933 693 | 693
Contribution ratio 20.7 143 | 372 192 |«<error
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