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Nomenclature

Romans Letters

Fr Froude Number

0 Flow velocity [m/s]

g Acceleration of gravity[ m/s”]

L Height [m]

Q Heat quantity [kcal/hr]

Cp Specific heat of constant pressure [kcal/kgK]

m mass flux [kg/s]

T, Temperature of top of storage tank [TC]

T Temperature of upper midrange of storage tank [TC]

m —top

T, .. Temperature of under midrange of storage tank [C]

Ty Temperature of bottom of storage tank[C ]

T, Outlet temperature of storage tank [C]

T. Inlet temperature of storage tank [TC]

IR Corrected coefficient of solar collect

UL Heat loss coefficient of absorber surface [W/m°C ]
It Solar radiation [W/m”]

Tf Inlet temperature of collector [TC]
Ta Temperature of air [C]

It Solar radiation [W/m?*]

Greek letters

T Solar transmittance
a Solar absorptance
p Density [kg/m’]
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n Efficiency of heat collect

A Infinitesimal increment
Subscript
top Top

bot Bottom

m_top Top of middle
m_bot Bottom of middle
sr supply

re return
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A study on efficiency improvement of the heat storage tank

for a solar assisted heating equipment

Nam-Jin Lyu

Department of Refrigeration and Air-Conditioning Engineering
Graduate School of Industry
Pukyong National University

Abstract

This study was conducted to improve efficiency of a heat storage tank for heating
equipment with solar collector. Most of solar energy systems are used for water heating
application with simple heat storage structures in Korea. However, by the solar energy
application is extended to panel heating purposes, there is limitation in efficiency
improvement with conventional heat storage tank. It is necessary that the system operates at
low temperature condition to increase the efficiency of the system in solar assisted heating
equipment. When the conventional heat storage tank used in solar assisted heating system,
the water in the storage tank was heated in advance of heating operation by the solar heat, it
makes reduction of utilization efficiency in the solar energy.

In this study, through analyzing flow characteristics and figuring problems out of a
conventional heat storage tank, it is found that the system performance could be improved by
optimization of the structure of the storage tank. The experiments are conducted with real
scale bases. Therefore, it is possible to note that the experimental results are reflection of
actual operating situation. Because of in-situ experiments are time consuming and need lots
of expenses, two initial conditions are fixed in this study.

As results, solar energy utilization performance of the heat storage tank is improved with

- viii -



vertically installed distributor for return water compare to conventional horizontal type
distributor's performance. It is found that the conventional heat storage tank is not suitable
for heat storage tank for panel heating equipment and it is possible more improvement by

modification of the heat storage tank.

Key world :
Thermal storage tank (£9 %), Degree of stratification (4% %), Discharge
mode( €& 4), Charging mode (5%E-7), Distributor (Ew7]), FTH=3%

(Gravity circulation), Bl %¥¥ Al 2¥l (Solar thermal system)
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Fig. 1 Schematic diagram of experimental apparatus
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Table 1 Specification of storage tank

Classification

Specification Remark
Specification ?® 910mm x 1620mm(h)
. Storage tank : SPHC
Material
Heat exchanger :STS 304
Effective volume 870 ¢
General
(A) Nozzle @ 35.7mm
Inlet nozzle
o Main pipe : @ 41.6 mm (I.D) Proposed
(B) Distributer
Nozzle : @ 30mm x-5 EA nozzle

Insulation thickness

50 mm (Poly urethane foam)
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(b) Side view

Fig. 2 Front and side view of the storage tank



Nozel ( outlet )

Burner ( auxilary heating )

Distributer Inlet

Nozel (inlet )

| g T —

Hot watet tank ( tank in tank )

Heat exchanger ( For solar heating )

Fig. 3. Schematic diagram of the storage tank



(a) System (b) Circulating pump

(c) Heat pump (d) PC

Fig. 4 Picture of experimental apparatus
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CONDITION : A
1. Nozel inlet

2.pl =p2<p3
ROAD : Heat
exchanger < | ZONE1:(pl):
i High temperature
-
O]
o
O]
4— 1 ZONE 2:(p2) :
h 4 A Low temperature
o A >

Hot water return ( p3)

(a) Inlet through general nozzle at unstratified condition

CONDITION : B
1. Nozel inlet
2.p1<p2, pl = p3, p2>pl

o
<

ROAD : Heat
exchanger < | ZONE1: (pl):
M High temperature

4—— ZONE 2:(p2) :
v Low temperature

i 0t

. ]
> T

Hot water return ( p3)

(b) Inlet through general nozzle at stratified condition

Fig. 12 Test condition A, B, C, D (Continued)
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CONDITION : C
1. Distributer inlet

2.pl =p2 <p3

ROAD : Heat

exchanger ¢ | ZONE1: (pl):
M High temperature
19|
10|
10|

—
N 4— 1 ZONE 2:(p2) :
h 4 e Low temperature

Hot water return { p3)

(c) Inlet through distributor at unstratified condition

CONDITION : D
1. Distributer inlet
2.p1<p2, pl = p3, p2>pl

o
<

ROAD : Heat
exchanger | ZONE1: (pl):
High temperature

4— 1 ZONE 2: (p2) :
b 4 Low temperature

o i

.
Ll L}

Hot water return ( p3)

(d) Inlet through distributor at stratified condition
Fig. 12 Test condition A, B, C, D

_18_




2.4 45 A%

jzfoaﬂ}—q /\o—o“

o714, Fr
4z o FARANAY 4 Eollm] olth
Q =CpmA(T) (2)
o714, Q& d-8& Hkcal/hrl, Cpt AWl Hlkcal/kgKl, me d %A Flke/s]

2 A(T)E =54 [Tl
n = FR(ra)en — FRUL(Tf.i— Ta ) /It (3)

A~ A~ ST 2~
= FEFEEHe I

714, n RA71 &, FR

ALIW/m’Cl, 7 T34, at

_19_



ey

N

ul
=

3. 4dZ23

31 WEe f3us

0

)
)

o
A

o)

o

A F95e F B

H] .5}

=
=

E 2] 58 (Distributor)

<

|

!

E

el

A

el

|

Nr

o)
el
oF

3} Fig. 143 #o] A 5~ 30 Ipme %7} AAo. whapbqd e

2

oF
T

o)
A
il

M

ol

[Ho

_Z#O
</

X

Nd

N
ol

N

i
ol

N
_Zlg
o)
N
B
_ZTI

BX

T

oo

&} 7]

7b Ay

o
ﬁo

o]

_Z,#O

0

A

X7} 7 el whebA

i

0
o}

T
N
B
i
of
ﬁo
-
N
B
i

0
{4
)|
=Y
w
ol

B2

—_—
file)
xr
il
E

—m—45W

——T75W

—0—125W

30

25 b

(wd])arer moy sseiN

Valve number

. Flux variation with number of valve on

Fig. 13

_20_



wjr

Table 33 Fig. 14 ~ 179

b

HolH, Fig. 15 ¥} Fig.

o))

o ettt Fig. 14 3 Fig 16

il

I gl

ZoA (a)=

Zy e

ol o},

H

i
o
N+
ol
)

ECESCEE !

)
=

R

L
R

ERH AT (o)

) [
TT%%E?

’

ks

(Return)

R 21,

M
o}

o

_Z#O
~

Fig. 14 (a)ollA v S SExoA A2 &

ol

o)
A

M
T

NI

R

¢
ol
ol
NH

pl

0
dr

_Z#O

To

]
TR
)l
oy
)

}o] bottom

5|

W dE A7 o)
¥ 9tk Fig. 155 =3%

9t} Fig. 14(0)=

ol &

145 lpmo

ol

oy

i

fe

M
o}

o}
_Z#O

o
o
<

A

<0

KR
KR

o

B

o)

Table 3 Test condition of tank in normal nozzle

N
M
il
‘BO o wL
© z F g
) W wK
= k)
| Moy
N ol ol T
N
NN E
W R
Ao o
==k
oo | BE
o | o | o | oF
T A | AR | oF | ok
A I I I A
MM ® | % om om
L - - A A
M M| N . .
Mlw | @ | o | M
e ,Mv_l _z._l _zrl ayl ayl
Z‘.# :éo ZO _zrl _zrl
& T | % | Mo | A
ok R R B I
[ N LT I
— < o) NG
CEESHICHI
oF o | mo | Ho | fo
o o o o
| "= | A
) i lie) © o~
=} — — — —
= ob | e | e | e
f f f f f

_21_



80 —=— Top .
—o— Middle up

+— Middle down
70

60

50 |

40 b

Temperature(°c)

30 -

20 1 ! 1 L 1 L 1 L 1
0 5000 10000 15000 20000

Time(sec)

Fig. 14 (a) Temperature variation with time at thermal storage tank
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Nozzle discharge
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Fig. 15 (a) : Temperature variation with time at thermal storage tank
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Fig. 15 (¢) : Temperature variation with time according to the thermal

storage tank height (unstratified, high flow rate)
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Nozzle discharge
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Diffuser discharge
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Fig. 18 (a) : Temperature variation with time at thermal storage tank

(unstratified, low flow rate)

_35_



Temperature(°c)

Fig.

Diffuser discharge

0r—a——7—+—F———7r—7—T7—"7—T7"—7—"— 20
Tsr
70 | —Tre |
e N — mroad
L 415
S &>
P
o
50 |- | =
5
Q
40 - J10 &
~
P -
30 |- gy
20 15
10 L 1 " 1 " 1 N 1 N 1 N 1 1 1
0 5000 10000 15000 20000 25000 30000 35000 40000
Time(sec)
18 (b) : Inlet and outlet temperature variation with time

(unstratified, low flow rate)

_36_



Diffuser discharge

75 T T T T T T T T T T T T T
70 - / == — .
=
r . _/ = .
65 |- = -
F N L] 4
S ol/E
° 60 |- g [ ] - -
— S
T[S : 1
35 5 S -
+ a u u
s _
g" L ; u : _
o 4sr-g| *t -
= Aok
2R N
40 | 4
[
35 [ —
30 | 1 | 1 1 1 1 1 1 1 | 1 | 1 | 1
0 200 400 600 800 1000 1200 1400 1600

Height of storage tank (mm)

Fig. 18 (c¢) : Temperature variation with time according to the thermal

storage tank height (unstratified, low flow rate)



Diffuser discharge

80 T T T T T T T T T T T T T T T T T T T T
—— T top T

70 L Tm top
—— Tt _bot

i ‘\‘ R \WW T bot
60 |-| \

\ A i
6\ \\ 1\\ M”\x T
= |\
g 50 \\\ -1
=
o, 40 | W \ i
Qa) i ~<\\ N ]
= > \ \\ |
\\" “V;j@/:, ST
20

P, 1 B e, , el elam WNW) BTN ) ), )
0 2000 4000 - 6000 8000 10000 12000 14000 16000 18000 20000

Time(sec)

Fig. 19 (a) : Temperature variation with time at thermal storage tank

(unstratified, high flow rate)

_38_



v
—

Flow rate(kpm)

—

Flow rate

AY

70

(D,)myerodwa ],

10000 15000 20000

5000

Time(sec)

Inlet and outlet temperature variation with time

Fig. 19 (b)

(unstratified, high flow rate)

_39_



Diffuser discharge

L] | | | H H H HEE

/ |

L] | L} H H H §E

(urwQg reardyuy) QUL J,

70
30 |

= = =
O ) <

(9, )ormeroduid g,

20

400 600 800 1000 1200 1400 1600

200

Height of storage tank (mm)

. Temperature variation with time according to the thermal

Fig. 19 (¢)

storage tank height (unstratified, high flow rate)

i

)l

)

o 7 aA

4 2t} Fig. 20 (C) 19 =&

o)
=

)
e

A=

3

=
]

o

_40_



Temperature(’c)

60

gk o] B ayelA of
o,

50

40 L

30 |

20

10

2000 4000 6000

Time(sec)

8000

Fig. 20 (a) : Temperature variation with time at thermal storage tank

(stratified, low flow rate)

_41_
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