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Study on the Thermal Performance of a Solar Assisted
Heat Pump System with a Hybrid Collector
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Abstract >> In the present work, a solar assisted heat pump (SAHP) system with a hybrid collector was analyzed.
For this, a simplified thermodynamic model was developed. Based on the proposed model, the heat transfer rate,
COP, and the annual operating hour of the SAHP system were estimated. The effect of the variation of system
design parameters on the performance of the system was also examined. From the results, the performance was
improved with increasing the effectiveness of heat exchangers and decreasing the difference between the evaporation
temperature and the outlet brine temperature of the hybrid collector loop. Finally, the performance of SAHP system
with a hybrid collector was compared with that of conventional serial and parallel SAHP systems. The SAHP
system with a hybrid collector was substantially better than a series system and slightly worse than a parallel
system for both the yearly averaged heat transfer rate and COP. However, the annual operating hour of the SAHP
system with a hybrid collector was much better than that of a parallel system.

Key words : Hybrid collector(E-3+ % & 7]), Solar assisted heat pump(EjFE 3lo| B8] = 3|EH L), Thermal
performance( 2 4J-5), Thermodynamic analysis model(E &st2] ajj4] mdl)

Nomenclature Subscripts

€ : effectiveness ¢ : condenser
m  : mass flow rate, kg/s ¢ + evaporator
T  : temperature, C in:inlet

out : outlet
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Fig. 1 Schematic diagram of solar assisted heat pump systems
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Fig. 2 Schematic diagram of a solar assisted heat pump
system with a hybrid collector
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Fig. 3 Yearly averaged global solar irradiance according to
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Table 1 Operation mode of a solar assisted heat pump
system with a hybrid collector
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Table 2 System parameters and input data

Solar .. .
Radiation Condition Operation Mode
. . Air source Mode +
<
G, =0 Qe = Qearax Heat Pump Operation
Q. > Q. aax N/A
. . Air Source Mode +
Qe <@y Heat Pump Operation
G, >0 - Solar Source Mode +
‘ Qf’ MIN = Q Q‘” MAX | Heat Pump Operation
er > QE,MA ¥ Direct Solar Mode
COPy=Q/W,. COPy=3Q/3 W, (15

Xl S

o2 AMgstglon, Hgd FHr]e] HA(4,), 3
AZHB), FE A, SIEEE $9 ARF 59 St
Qe 2 7-S Table 29] %
Wol %7 mHR CopelandAte]
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Qg 71& mdg AAstolet. w3t dudlr]e] f-4
=, &7 B, A7, Wsht B3 JErE 283t

A SEEZ §

€, =075, ¢, =0.752 7}

Location Daejeon, Korea
(IWEC hourly weather BIN data)
A 24 m’
Hybrid Fr(Tar) 0.71
Collector Fr(Uy) 4.5 W/m’K
I6] 30° (South facing)
Compressor | ZH38KAE-TFD (R134A)
HealtJ rﬂt‘mp (Copeland) | 7ZH26K4E-TFD (R407C)
T. 60°C
Thermal Ta 53°C
Storage Tank ATy (=T-Ty) 5°C

Table 3 Analysis case

Case | AT. (°C) | €, = €, |Compressor model | Remarks
CASE 0 10 0.75 ZH38KA4E-TFD |Base model
CASE 1 15 0.75 ZH38KA4E-TFD -
CASE 2 5 0.75 ZH38KA4E-TFD -
CASE 3 10 0.7 ZH38KA4E-TFD -
CASE 4 10 0.8 ZH38KA4E-TFD -
CASE 5 10 0.75 ZH26KA4E-TFD -
SAHP A|2810] Aol WX Gake 2451 9]
3} Case StudyE 35}t Table 3 Z=x).

Fig 4% tj249e] o2 2 A& 3 fE2a o

it

A5 217 Aeste] 715 HE(CASE 0)2 AXeE Al
F 9719 HFgelvA] B5H Qq), &
SRHQ.), 183 PEsE(Q)E U
. Fig. 4(@)9 54| diet 23-&

m

=
)

Wy
e B o R i

]

£

[El

©

v}

e
o

N
I

B

_Iru

£
iy

uA] 2

2R, Qzepo] gl okl 3t 179 3
7oA B BEAA] ALAAL BA5Fte] 5
ERT GUS AFA|T, 2 T B F
L 2g 9719 el 85 BN 18
UL ASIo] AP FUZE ART 5 Uk E
3, Az b ulnA X FS oFFAY A7k
L 23 719 el 85 BEA AL
AL PS5 HEYT fUS AFAA FI=
2 APl Bk ueba, 9z g wAge] o

A274 A2 20164 44



188 =519 - H9Y - T

Typical Summer Day (Jun. Qm, Dejeon)

+Qsc By Qa - ~>-—Qc
16 4 HP Op. Direct Solar
(Air Source) Mode

Qg @, and Q, (kw)

Time (Hour)

(a) Typical summer day (Jun. 9th)

Typical Winter Day (Dec. 18", Daejeon)
——0, -2 0, o,

HP Operation
14 - (Air Source Mode)

HP Operation
(Air Source Mode)

64> >0 0 0 o ©0oS%oo0o0

Q. Q, and Q_ (kW)
°

Ja-2a.a-a-a.4.2 IRV VNV

Time (Hour)

(b) Typical winter day (Dec. 18th)

Fig. 4 Hourly useful energy gain for typical winter and
summer days (CASE 0)
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three different SAHP systems
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Table 4 Comparison of three different SAHP systems

Serial Type | Parallel Type SAHP with
SAHP SAHP a Hybrid Collector
Op. Hours| 5147 hr 7155 hr 8619 hr
Quary | 479 kW 8.80 kW 8.70 kW
COPH,avg 1.633 4.984 3.280
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Fig. 7 Comparison of operation hours for three different SAHP
systems
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