{IRRELNE TR

TP PN

B BB

20054 12A3



AR G

o] My S B LB o= g3t

Gk LR AL oS ARUES

WAL RR gl
% 8 F
ES =} El

MR RE R BB

20054 121



A study on the operating strategies for solar assisted heating

system

Jivoung Kim
(Supervised by professor Youn Cheol Park)

A thesis submitted in partial fulfillment of the requirement
for the degree of Master of Engineering

Department of Mechanical Engineering
GRADUATE SCHOOL
CHEJU NATIONAL UNIVERSITY

2000, 12



M

L1 QT8 HIZ ceereereeeremeesseisesseissis st

&

B

=0

[e]

2.1.1. =

H

15

17

17

il
B

NH

il
N



21

N

3

e
o
<

S

=

B!

EK

41. £]7] "lol¥

JJo

g

o

an

A
gl

B

52

e
np

i

XA



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

9

10

11

12

13

14

15

16

17

18

List of Figures

Schematic diagram of general solar assisted heating system -« 5
Cycle diagram of general solar assisted heating system -:-wweeeeee 6
Plate type Solar COHeCtOI' ......................................................................... 8
Dual vacuum solar collector (copper U tube type). «eeseereseseeseeees 8
Schematic of diagram general heat pump System -««-«sweseeseeeeeeeeneess 10
Energy calculation of commercial heating system «-««eeeeeesreseeneess 11
Various heat source Of heat 191810010 JENRE I L L L I I I I 12
SChematiCdiagram Of geothem]al heat 191819916 JRERILEL LI U IE I LI I 13
A typical application of geothermal heat pump (vertical type) === 14
SChematiC Of diagram r—iver water heat 181810915 JRRRILECTIILE TR 16
Experimental set up of dual source heat pump system -« 18
Dual vacuum SOlar COHeCtor (heat plpe type) .................................. 19
Storage tank .......................................................................................... 20
Direct heatlng mOde ............................................................................. 23
Heat pump mOde .................................................................................. 23
Different temperature control sensor locations ««+««-«t=«sswesseeeeseeenees 25
SOlar radiaﬁon Val"iaﬁon Wlth tlme .................................................... 27
Outdoor temperature Val‘iation Wlth tlme ......................................... 28



Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

Solar radiation and outdoor temperature variation with time -+ 28
Control logic of difference temperature controller «-«««ss-«ssssseeeeeeees 30
Radiation, storage temperature and circulation pump operation with
HME(1C DIAS TEIM,) «wreeereeressssrssmssessmssissssissis s, 31
Radiation, storage temperature and circulation pump operation with
tME(27C DIas tEm.) -+ wwssssererrsrssesmsssssistsisisisi it 31
Radiation, storage temperature and circulation pump operation with
HME(3C DIAS LEIMI.) +ereeeeressesrssessesssssusissiisissi st 3

Radiation, storage temperature and circulation pump operation with

HME(5C DIAS LEITID,) «+++eressereesssereesssesemssmsemsssesesissssesssssesise i 9
SenSor LTl L s A i B iy S G R R+ -+ e+ v+ oeseessareens U
Solar collector inlet and outlet temperature with time(1) -+ 35
SENSOT L0CAHON(2) #+rvrevssrrssessesssrssssssnsssssssssesssssssssssssss st ssssssssaes B

Solar collector inlet and outlet water temperature with time(2) -+ 37
Sensor 10C3ti0n(3> ................................................................................. 38
Solar collector inlet and outlet water temperature with time(3) -+ 39
SenSOf 10C8.ti0n(4) ................................................................................. 40
Solar collector inlet and outlet water temperature with time(4) -- 41
Top point temperature of storage tank with time «««=eeeeemeeeeeeseeees 43
Inside and outside temperature variation of storage tank top point

Wlth tlme .............................................................................................. 43

_iv_



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

35

36

37

38

39

41

42

Inside and outside temperature variation of storage tank bottom

DOint Wlth tlme ............................................................

Storage top and bottom temperature variation with time ===+

Circulation pump on-off operation and storage temperature with

Heating capacity and power consumption with time «-««--seeeeeeesees

COP and storage temperature variation with time -

Evaporator inlet water temperature and refrigerants flow rate

AV aI‘l ation Wlth tlme ......................................................

Storage temperature and operation time with variation of solar

T adi atl O] “+vesveeteesnonnerenserasnoceestuneescnsneonsostusneensosnnsceonesnces

Energy price with variation of power consumption



List of Table

Table 1 SOlar COHeCtor ClaSSiﬁcatiOH ................................................................. 7
Table 2 System SDeCiﬁcatiOH and teSt Condition ........................................... 26
Table 3 Standard and Condition of comparison operation COSt «==-«x===sse bl

_vi_



Nomenclature

N
B

B

N

L A el w2 AAFEHW/m)

I,

7] & F(kal/h)

op
_MOL

B

~a

7e

- Vii



Summary

The operating characteristics of a solar assisted heat pump system were analyzed
to develop heating equipment for residential house. The solar energy is limitless and
pollution—free natural energy; however, the solar energy has not been utilized
extensively due to its low density and restriction of availability. The solar assisted
heat pump system makes up the weak points of solar energy’s demerits which is
mentioned above and supplies higher heat to the heating space with stability.

The system runs at a dual mode. One is direct mode that heat in the thermal
storage tank is supplied to the load. And the other is heat pump mode that heat in
the storage tank is consumed as heat source of the heat pump that operates at night.
When the setting temperature of the system increases over the limited range, the
high temperature water in the solar collector’s tube is being supplied to the thermal
storage tank

As results, the heat pump performance is higher than that of general heat pump’s
which uses the only air as a heat source. With respect to the operating cost, the
solar assisted heat pump is more efficient compared with a solar system using
electric heater and a boiler.

The performance of the solar assisted heat pump system is influenced by the
efficiency of the solar collector and the thermal storage tank. The solar collector and
the thermal storage tank are controlled by different temperature controller. The

controller has a temperature sensor which is being effected by the location of the

- viii -



sensor and also this location leads to make the properties of the controller.

The running cost of the solar assisted heat pump system is lower than a system
with electric heater or the boiler. Owing to the fact that the system runs at higher
capacity range, the merits of the running cost of the developed system offsets.

Therefore the developed system can be used as main heating equipment to the

residential house with the panel heating.

_ix_
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Table 2 System specification and test condition

Size(mm) 1780x1560
Solar collector Area(nr) 2.7
Slope(®) 33
Storage tank Capacity(L) 200
] Set 2,3, 5
Difference
Temp. control Temp(C) Bias(TC) 1,235
Start- up temp. (C) 40
Pump (1)(L/H) 530
Pump (2)(L/H) 800
Direct mode | 200
Circulation flow rate
Pump(3)
(L/H)
Heat
eat pump 400
mode
Heat exchanger type plate
Compressor capacity (Hp) 1
Expansion valve type TEV
Refrigerant R22
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Table 3 Standard and Condition of comparison operation cost

Categories

Specification

Standard

capacity

heating

heat pump system

Solar assisted hybrid

heat-pump & solar collector
(2.7 m')

heater system

Solar assisted electric

heater &
collector (2.7 m’)

electric solar

heating power 17,000 (kcal/h)

183,600 (kcal/mon)

. fuel consumption rate 2.0
Boiler
(L/H)
light oil cost 1,000 (¥¢/L)
50000 T T T Y T T T T T
electricity bill |
40000 . il
-
- I---..
= heat pump electric heater boiler _.-""-light oil 7]
© 30000 + -____.-'
L "
3 ' :
= 20000
m -
midnight electricy _|

50 100 150 200

250 300

Consumption Power(kWh)
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