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Summary

This study conducted to analyze operating characteristics of a heat pump system
which supplies heat to conditioned space with solar and air as heat sources. The solar
energy is unlimited and clean, however, the density of the solar is relatively low and
strongly affected by climate conditions. To solve problems in solar assisted heat pump
system, hybrid heat pump system was developed and field test was conducted to
analyze the system performance and to improve system reliability. The developed system
uses R-22 as working fluid that prevents outbreak by winter-sowing from freezing of
working fluid at temperature under freezing point.

The developed system has three types of operating mode. First one is a hybrid heat
source heat pump system(Type I ) which is basic model of this study. Second one is
the same system with anti-superheat technology(Typell) and third one is the system
with anti-freezing technology(Typelll) of the basic model.

Alternation of solar heat or air heat is controlled by pressure regulator which is
inserted to inside of solar collector. If the inside pressure of solar collector is higher
than setting pressure, heat absorbed from solar collector and supplied to the heat pump
as heat source. However, if the inside pressure of solar collector is lower than setting
pressure, air is selected as heat source of the heat pump system.

In winter season, rapid conversion of the heat source(air to solar or solar to air) is
occurred which is depended on intensity of the solar. In summer, the environment air
temperature of the collector effects on the conversion rate of the heat source. Even
though the solar intensity is low, the inside temperature of the solar collector is still
high due to the environment temperature of the collector that make the pressure of the
solar collector still high enough to runs solar collector as heat source. At this state, air
is selected as heat source because of the air temperature is high enough to supply heat
to the heat pump system rather than the solar heat.

The COP of the system in winter season is higher than summer's due to the

- vil —



alternation of the two heat source. The system COP using the solar as heat source is
higher than air source, because the temperature of solar collector is much higher due to
solar radiation and environment temperature.

As results, developed system solves one of the problems in solar system which

caused a winter-sowing.

— viii —



M

M

1.1 A7e

AN

g719] Abgol

o)

.
T

277 AR A

b AHgApe)

3
L

°of o

S

0

AUAZF -kt A A AARE-F

Fal gl

N

A e v

o] ML 2002 3¢ 25¥° /H%

b glnt.

S

AW & A

vpel e} E7}7) 3, A R A,

s

o] A

sk
=

Sk

Ag gFHow ol§

ojo

ojo

al7)

Aol A o

k

ol

e E RS RS IERY
Huo] gort, griHoz FAgel b

A I A 0] 87

KeR
-

ol it}

A=



B0 weba] okztel Aolrk AR obAAAE A, w2 sbs 5 84 oy

FHE ol ek felitete] AU U oEEs 2004 b
Agre] FARRANA vehd sk gol Fujel AulsE AUA AP
96.7%010] F4iel elEsa Y AAelth TN AuHE AuA FAA %
g ARER AGHE oA Ts%t FAG ARl awlsE, o] Folx
78% ool W % Fekel 2¥ls ek webd Sk olux Aol F
@ olux FETEE esel FAHoR AUABA AN Boke] oA

2!
wolal gtk -yt A 19 FHE AUAFS 3,065 keal/m' 2 B ol A #]
S 1,017 keallyrZ €17 1009 TOE®] s]@d%w, o]FoA o]& 7}53
7HEFS 10%24 109 TOEQ =7 5= Aoz FA3ka Q)
Bl Fol X diste] AR ggrHe] 2 oF 5500Co|H, BgolA A+

2 Y5+ v F(Electromagnetic Radiation)e] =3 E & (Spectrum)< Fig. 13} o]
el delg A Yok AEe dybwel 4049 S b HgEe A=
Agkd 5 e e dyAE 7L s AL, TR B A 4

oltt. BfFmRNIM G olvA A= wad dAs, gt Ao FA A
o] B g (Solar Constant) =, A7+ 7] "ye] AL
oH1.

Ao)d 2 amell Holx] o, thrjHelA Wol Faro] A ERlel mdshs
IS Aol d ol Aol mlske] ofF F2 FHoR o] FoiA
AL EollvuAE 7 ®ol 7HAaL it Table 1

o Bggel Adste] £, 2eln g R FA5 WAS ehya ok

_

2 1162.6344 kcal/m’ - ho



Visible
Radiation

Gammar | X_Rays Ultraviolet| | Infrared |Radio -Rays Electric
Rays Radiation Wave
Short Long
Wavelength Wavelength

Fig. 1 Electromagnetic radiation of electromagnetic wave spectrum

Table 1 Spectrum range of electromagnetic radiation

Electromagnetic Radiation Spectrum Type

Pilot Film Range(/m)

Frequency Range
(cycles per sec)

Gamma-Rays 1x10 4 3x10 18

X-Rays 5x10 ~% - 5x10 %] 6x10" - 6x10 "

Ultraviolet 0.005 - 0.35 9x10 - 6x10 '

Visible Radiation 0.35 - 0.75 4x10 “-9x10 M

Infrared Radiation 0.75 - 300 1x10 2 - 4x10 4

Radio Rays Short Wave Length 1x10 2- 1x10 8 3><10‘6 - 3x10 12
Long Wave Length 1x10 8 3x10 °
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(a) Front view

(b) Backside view

Fig. 5 Photograph of experimental setup
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Fig. 6 Schematic of dual vacuum solar collector

Table 2 System specification

Size(mm) 2,080%1,640x100
SOlar COHeCtOr Area(mz) 3.00

Slope(®) 33
Storage Tank Capacity(L) 400

2

Low Pressure Control Start Pressure(kg/cm?) 7

Bias(kg/cm?) 4
Temp. Control Stop Temp.(C) 50
Compressor Capacity(Hp) 1/2
Expansion Valve Type TEV
Refrigerant R-22
Air Heat Exchanger Capacity(Hp) 12
(Air-refrigerant) Type Plate-fin & Tube

Fan Consumption Power(W)

6
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Fig. 9 Photograph of winter-sowing

1St Heilat Exchanger

Fig. 10 Schematic diagram of coil type internal heat exchanger
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Table 3 Specification of measurement device

Pyrheliometer(1 Level ISO9060)

Model: LPPYRAOS

Sensitivity: 104V(W/m’)

Range: 0 to 2000(W/m’)

Spectrum: 305 to 2800nm

Response Time: <28sec

Non Linearity: +1%

Tilt Response: < 4%

Thermocouple(T-type)

Standard : AWG(American Wire Gauge)28

Range: -200~400C

Accuracy: +1~3%

Thickness: 0.32mm

Flower Meter(water)

Model: LS5277-430A

Flow Range: 200~ 1200L/h

Material: Body-Bronze

Rotors-special: Region

Output: Open-Collect Pulse

Register type: Electronic Register

Pressure Transducer

Model: ¢206

Rang: 0 to 500PSIG

Output: 4 to 20 mA

Supply: 24VDC
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Table 4 Test conditions

Solar Radiation(W/m") 268
Hybrid System (Type )
Outdoor Temperature(C) 13.6
Solar Heat Source :
50:50
Air Heat Source(%)
Solar Radiation(W/m") 325
Anti-superheat Hybrid System
Outdoor Temperature(C) 7.2
(Typell)
Application Rate(%)
50:50
(Solar Heat Source: Air Heat Source)
433
Solar Radiation(W/m")
155
Anti-frozen Hybrid System
Outdoor Temperature(C) 24 / 174
(Typell)
Application Rate(%)
94:6 / 24:76
(Solar Heat Source: Air Heat Source)
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Table 6 System performance comparison between TypeI, Iland III

Solar Radiation(W/m’) 268
Operating Strategic of
Hybrid System Outdoor Temperature( C) 13.6
Application Rate(%
(Type 1) P o 50:50
(Solar Heat Source: Air Heat Source)
COP 2.23
Solar Radiation(W/m’) 325
Operating Strategic of Outdoor Temperature(C) 7.2
Anti-Superheat System Application Rate(%)
Tvoe I 50:50
(Typell) (Solar Heat Source: Air Heat Source)
(00 24
433
Solar Radiation(W/m’)
155
24
Operating Strategic of Outdoor Temperature(C)
17.4
Anti-Frozen System
Application Rate(%) 94:6
(Typelll)
(Solar Heat Source: Air Heat Source) 24:76
1.95
6(0)
1.67
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Table 7 Comparison of working fluid

Water R-22
Average Radiation(W/m’) 814.5 296.06
Total Radiation(W/m’) 17,788.14 2,575
Storage Tank(L) 100 400
Area(m’) 3 3
Efficiency(%) 41 44
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