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"ABSTRACT

The major objectives of the study are to suggest the optimal basic design conditions
for the horizontal storage tank system. For this purspose computer simulation has been
carried out to find the characteristics of flow patterns in horizontal storage tank, and
experiments have been carried out for the duration of one turnover, Experimental
parameters are volume flow rate (1 LPM to 4 LPM), amount of heat generated from
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heat sources (0 W to 100 W), ahd inlet and outlet port types of the storage tank (DD
type, DO type, ID type, IO type). |

NOMENCLATURE

C» ' Specific heat at constant pressure, (J/kg K)

d ' Diameter of the inlet port, (cm)

Gr . Grashof number, Gr=gB4TL?/)?

g ' Acceleration of gravity, (cm/sec?)

H : Distance from the inlet port of free surface, (cm)

# . Dimensionless heigth, h=y/H

L Characteristic length, (cm)

p ' Pressure, (kg/cm?)

P. . Peclet number, Pe=UL/q

Pr : Prandtl number, Pr=y/a

@ . Volume flow rate, (cm?®/sec)

R. : Reynolds number, Re=UL/y

R; : Richardson number, Ri=gBATL/?

T: : Temperature of incoming water, (‘C)

T. : Mean temperature of water at the outlet, (C)

T, . Extraction temperature of water, (C)
. Temperature of water stored initially, ('C) |
. Temperature of water at each thermocouple probe point, ('C)
. Charging time or time, (sec)

. Turnover time, (sec)

T

T,

!

lx

U . Characteristic velocity, (cm/ sec)

u . Velocity component in x-direction
v . Velocity component in y-direction
w . Velocity component in z-direction
xr . Coordinate dimension

y : Coordinate dimension

2

. Coordinate dimension

GREEK SYMBOLS

a@ ' Thermal diffusivity, (cm?/sec)
"B Coefficient of thermal expansion, (1/k)
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¢ . Dimensionless temperature, @ =T —Tin/Ts~ Tin
6. . Dimensionless temperature at the outlet, §o=Te—Ts/Tin—Ts

@em - Dimensionless temperature of perfectly mixing

Bes . Dimensionless temperature of perfectly stratification

k : Thermal conductivity, (W/cm K)
¢ . Viscosity, (kg sec/cm?)
. Kinematic viscosity, (cm?/sec)
o . Density, (kgm/cm®)
pa . Density of ambient, (kgn/cm?)

po . Density near the heat source, (kgn/cm®)

~

! Dimensionless time, 7=t/tx

¥ . Degree of stratification, ¥ =(6c— Bem)/(bes—
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Table. 1. Specification of storage tank

Storage tank type " |Horizontal

Material | Acryl

Diameter X length 400(mm) X 1000(mm)

Effective volume 100(/7)

Inlet port diameter |30(mm)

Wall thickness 20(mm)

\d
av
_—.D<'1—-——--
CT DL — C 1 P
av av
¥ J*
OF { 1 .
GV? 'y ¢ _
B %' |, TP HST | BV
Qv '
av ¢ H S_ b
wbd:’:. 4 . LJ }J cI\
-2
?_{b-BV
F;M
AM
——{ AVR |
av

HST : Horizontal storage tank
AVR : Automatic voltage regulator
AM | Amperemeter

FM ¢ Flow meter

HS ¢ Heat aource

P i Printer

GV : Gate valve

Fig. 1. Schematic diagram of

HT : Hot water supply tank
CT : Cold water supply tank
DL : Data logger

TP : Thermocouple probe

C : Computer

OF : OQver flow

BV : Bypassa valve

expermental apparatus
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Fig. 2. Expermental storage tank

Table. 2. Types of Inlet port and Outlet port

Abbreviation Type of Inlet Type of Outlet
Type: DD Perforated distributor |Perforated distributor
Type: DO Perforated distributor |Outlet port
Type: ID Inlet port Perforated distributor
Type: 10 ‘|Inlet port | Outlet port
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geHgEA Btk ol g _
AAAE T AT T YL A}

Ef o R (Solar Energy) Vol. 14, No. 2, 1994

M30

IfEpsEEEN

W1 1T T /// / / / / / / i

|
|
|
|
|
|
|
|
l
|
|
~_#20

(55) 15 20

90

Fig. 3. inlet port and outlet port

24X AN WUggo=E XY Piston F%59]
AU E dt= Ao vlgAsitt, Fig. 4+
Perforated distributor |, £ AL 20

mm = 53 FH ZF Immel FuijFo] 50



THSEZHY €54 B d7/delF ¥

M30

ﬂZ@?ZZWEZZZé%%é;;;OV/Z////////Z//Z//Z///&?Q??V//ZZ////??OUVV[A

!.

l

|

|

|

I
-
&

|
-

|
<>
b~

|
T

|

|
@15
320

20 ,10

ol

(85) 15

1000

1070

Fig. 4. Perforated distributor

M15§

@30

gio

)

{30) 3| 12

200

4
3

245

Fig. 5. Shape of heat source

7N U, | |

2 AFA AHEE 29 FF B2 (Rheem
Manufacturing cop., Model 81V120D)& £
Fo 450/, AYE 220V, AHE 3.75kW,

AY A1g &4 L& 75C 0|8 Alshie] o

I LEE FAY & AE AF LE 277
7} BAE0 gt ¥F FF Hak 5¥x=
F=lE fYFe YPSAIS] st &9
Z AR 2m S0 A,

Swlo] B4 YA FoH P S5}

FAHEE sgich, LIFE Fig 59 gon

F 970N AZL 2HERH2go|H o] glo
Hasdes AU 1708 A3 ar2 83.50hm
-84.5ohmAolo|t}, WHH oA wtgere
AA} AFAZ AR,

10

T ¥F Baue

opN

4, 71818 Qlxto] o
HA35l7] HelMe FEXE
Z3sl= do] A= oot
2 gk 3 gkl il
2YXE A% dRFES Fdsirh

YT HRNZRH 7 HgoE 75
mme 5 7tHoz 4% oz 50mm 2

o2 AHRQIEH A & o] &8t |3
g Agstct. 43l F5 Al (Turnover
time) F¢oll FEZX YE EoJe #FYTY
258 3etslr] 3t fdT F&o @3
£ AYsigen T3 28X AHHo AAdE

SExNM 74

Mr Jm
M
4y tu o

RETA QEYE AP LI FF AR
Bl RETE B3l Whe /859 2E

S4¢ sttt gate A7el 0.3mm

e kel 14 7] (Solar Energy} Vol. 14 No. 2, 1994



Be AT/l F 9

4y
)
Hy
1L
EN
=
1o
e
A
O
2
)

A THE ol&3FL A8 2= HAE
—~270°C oA} 400°C 7HAlolt}, HAX o) A2
g 3870 SHUE 5% 2 AL Data
Logger (Model FLUKE 2285B)& ©]£3}%

23
L Z2AA = FEZ FYTR
A5FH7R] AR vgko 2 75mm 5 A S
Z 49X)9) AX3}P L I HANFoZ 50
DAOE 2~47)8 AXEHT), o] W
J

J o
v

mm %
h=02 §UF =09 9%, h=0.25 &
T ¥0)2RE 75mm AF9 93X, h=0.5+=

FF Zo|ZRE 150mm AF- & 2Ex F
G AR, h=0,7< FYT Zo|E2FH 225
mm A% 9%, h=1& 2AFH5H 229 ¢
A& HERIT,

FHA = Fig. 13 Zo] W5 I3 839
ZAx Alolo] AX3IYct FHF EL Y+
T5 H3Y &7 XS AlojlE ¥EE X
Aoz AF 2o =5 S /F
7l (Model 44376 LHB) 2] X W9+ 0.8
LPM~8LPMol™, floating type(5-=}4)) o]
o, Zzte] L HoA FIEE YIEHFS 9
Z3}7] 9)5led  APA (Voltage controller) 2
gng I3
Al AF/FE AFA (Amperemeter) & F3}
o AYSIA FAFOEA YEHFS AT F
Art, AL thSH Zo] FHIATE

1) FAF 74 25(60C)2 29 3+ €32
9 &% 23y TR

(2) AE FAHY 2= 97EHE 254 &

g3lA HH &5 FF BHI3IE REH =9
Z W& 60CQA 27 IAFFE AASH.
o] W &=EZY 9 &k E¥I} TEE I

o

(3) =gz W2 27 AFS5(60C)E FF
T ¥4 ¥3az J(207C)
3} Over flow A|R o243 AUA

oK

Bl el X] (Solar Energy) Vol. 14, No. 2, 1994

e JdE s FAgI

%7} QFHA @

oo X Bypass Valve & 5
T 38 HaE FH IFH= 7
L=7t A (20C)3HAIE w7tR]

Q)&=

=]
3 Bypass Valve & &

fﬁbﬂi %‘%’J Al ??Ji}

6) +UT7 FEHE oRE YERe 2
d 2749 w‘rﬂ} mg] AAe AYAZ A
F7} 25 4 UAESF Switch & HAH,

(7) FLZA HAd HRE TSt 2=
Z74 Ax]Q] Data LoggerE ZH&AIAH €
3] 4 AI7F B 302 HOE 2%
2 A&HoE AHEJTL o W HEH

Data+ Computer 2 #7gET},
(8) Aol FEHY A7|AAM AR P&

ZolR ZAE FolA wE YL B

4

S %,

Fig. 6 < -ﬁ-?:]-_rL 53%0] Perforated distrib-
utor, &7 YAro| Perforated distributor ¢!
AL 2 A7 U 25 BE FAS,

Fig. 7 $9F AL Perforated distribu-

tor &7 FAFS Outlet port 2 3} W4
2239 A7kl U L5 B¥ 94, Fig 8
o FAF FYA4E Inlet port FET FEE
Perforated distributor 2 3} uje] Tz}
AZr i3t 5 ¥ S Uehdoh 1¥
oA BE ute} o] YT FAL Perforat-

11



+HEdzY Y 540 BY AT7/%F o

ed distributor 2 3QA L Aol SUT A
& Inlet port 2 SIFE 23 Hr} h=09A
Steady AJElo] T3l AlZto] #SITh o=
79 F4Y4oE Inlet portE AFHES A9
Perforated distributor & AMHE3H 21 BT} {4
T FZoA Ejtel 8% WEolty, wE T
HJArS Perforated distributor 2 3}HE 7

O
1
[

O
o
AN AET FAE Outlet port £ U E 73
£ B} h=0, 2594 Steady Aefo] =E3l=
Azl AU, o= w&Pe wHoz
Perforated distributor & A}8-3F Z o] Outlet
port & AHESE AR FET F2AA 1854
go] AM FEX T4 SHROA EFo] Wk
7] ufZoltt,

Fig. 9& f&°l 1//mind W FU+Y §
A+S  Perforated distributor, &7 FAES
Perforated distributor & &}9-& W] FX}Y A
ol it &= ¥ ¢S YehaL Fig 10
2 #F°l 47//ming W /Y7 FAE
Perforated distributor, &3 &AL Perfor-
ated distributor 2 3}H{-E W] FX Al
et 25 23X A4S UEpAY /EFol 117/
minYd U} Steady Bl £2% Fad &%
(0)= <F 0.20] HI3™ F=ol 4//min¥
m Steady dHjoll E2% FAYU 2=(0)= 0
o] 2@t ol Rl vl F ASdlE
o] vlud A Hfoll H|sle ztzhe)
ARolr] ZHAge WA (80W)o| One turn-
over time 73] &3] FEEHJTE AS YE
itk 830l 1//ming u Steday AEjo] =
98 BAY AZH(DF FFol 41/mind o
Steady AEfo] =E3F £ A[7H(7)2 h=0,
h=0,25 h=0,5§ 4% T4 7oA &
F 2L AEE JUehiith 28y S8x9
Al k=0, 75904 F ol vlay A
o A¥e 7Y ol vz & 7ZFoll His}
o PAo] Horur F3to] vlud AHA &

" FAEL Piston flowol o3l FEZ A
2Z {5 A9 FdEe #ddsd X
B 5ol Fuigtel et FHFFEE
FAGEE AA=AZ A E oAU XHgke)
BHE7A] =Esh, olfdE FHERE F

A8l Steady AEjol]l =23t Al ATt
94 TZE Perforated distributor 2 8t3<

$ $4HE KU5Y XBF £5F| vl

B Ze Aol 29z FAY 229 I

£ Perforation E914 H ] F¥Fo] EEHU
t}, 23EZ ERS FEX FAHMNA F2 9
ZojzH o] wf ET3E FAEZ Piston flow
ol 9l £IX AHEZE 5 AR 7
Y FYFY X 50| 71 o
2t A 4% £E AHo| XWg9 si5-F
o7 o)Fdle EF XFe sRFAA F
2 o|FojxH {YFEE Inlet port 2 13
£ o fYEHE FYUFY XHF 5] v
nH e Afds FExY YT FIOA
FEAYE P FHERET FRAAAME
Recirculation &Ato] Uepdol whel Y7 %
AoA FAHF EFo] o|FHTY, o] Wf TH

_‘—f

Box= Recirculation 3Atol e} 3243
E3to] ojFojFth, IHEE #FYT FEL
Perforated distributor¢l 737} Inlet port <!
A B} 2757 HFEH AT

8-Z 22 Perforated distributor 2 35S
] EHx AR XHHEF SHFEAA FFFO|

XBF 4RBolM eFPut A= vay

B /e ddes EX
Outlet port 2 3IF-& W, =
Y AREG 8 SFHESA
Hol7} Aol WA YT FFANE BY
tt, o822 §27F 3ei7} Outlet portql 3
27} Perforated distributor 1 AgH) &4
257} QFHEH A, |
A & &3 JA| FIx2=2 {FU=HE

Efl ok ol 1 [Solar Energy) Vc_)l.- 14, No. 2, 1994



+HEA2UY IS4 BE AT/2o|5 9

f9%9 4580 A dEAY, #YL
SEXE EoJeE 7Y #5580 & 29z
WY 435S THHoz sotels] FsAE
Peclet 2t 4352 TAE veld E a7} 3
=2
- FYTE Perforated distributor $SFE
Perforated distributor 2 3}51& 7-$9] Pe-
clet 79} 4559 #A = Peclet 7} 571 &
FE HEZE(P)E HIHE Pasts AP

olm o] WAL Thew B,
Pop=—0, 0221 X107 Pe+0, 9223 --+(6)

L9l FHAFS- Perforated distributor F&
T FHAFS Outlet port£ 3dI{E 7459
Peclet =9} A& =9 BA AL Th&3 AT,

Ppo=—0,0196 X107° Pe+0, 9166 --+(7)

4T AL Inletport HE7 IAL
Perforated distributor 2 3tHE 73A99] Pe-
clet 59} AFE9 IJAAL O30 2,

Pip=—0.0246X10"°Pe+0, 9784 ---(8)

T47 AL Inletport FETF FAE
Outlet port £ 39S A% Peclet
AE5E HAAE ohga 2

Pn=—0.0229 X102 Pe+0, 9460 ---(9)

ol oA Peclet +7} E4F HFET Ha
StRo™ R FUTY PFAAE Perforated
~distributor & A3 7377t Inlet port & A}
83 390 8]5led Peclet o 3 &%
9] 7187 Sl §-& 79 FANS Outlet
port & A}&3l 7397} Perforated distributor

= AH8E 737l Hlgted Peclet ol g A

29 V&V s JE o), w
A 8dT7e] FANS Prforated distributor
FE S ALREH =R WolA BAHe 9%

R &} ol g %) (Solar Energy] Vol. 14, No. 2, 1994

02 doju= EF S AdAAITI= At
A FE7e FAFS Outlet port FEHES A}
&3tH wEHe AETY §F5 AYE FaF
gt SEZRYA T3 IS af¥oz o
AAZE 4 AT,

Richardson

Richardson 7} Z7}1d4E HE25E= G273
S7Fst Richardson 7} 2 o]/4+e] H Y oA
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A Study on Characteristics of Heat in Horizontal Storage
Tank

Ee-Tong Pak* , Un-Chul Jeong**

* Sung Kyun Kwan University
*% Kyungmin Junior College

The major objectives of the study are to suggest the optimal basic design conditions
for the horizontal storage tank system. For this purspose computer simulation has been
carried out to find the characteristics of flow patterns in horizontal storage tank, and
experiments have been carried out for the duration of one turnover, Experimental
parameters are volume flow rate (1 LPM to 4 LPM), amount of heat generated from
heat sources (0 W to 100 W), and inlet and outlet port types of the storage tank (DD
type, DO type, ID type, 10 type).

A Study on the Estimating Solar Radiation by Empirical
- Regression Models

Jo, Dok-Ki. Kim, Eun-I11. Lee, Tae-Kyu. Chun, Il-_-Soo.
Jeon, Hong-Seok. Auh, Chung-Moo

Korea Institue of Energy Research

It is necessary to estimate enpirical constants in order to predict the monthly mean
daily global radiation on a horizontal surface in the developing areas for alternative

energy. Therefore many different equations have propoed to evaluate them for.certain
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