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An Experimental Study on the Heat Transfer Performance of an Air-Source Heat
Pump Using a PCM Unit for Continuous Heating
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Abstract Air-source heat pumps are widely used in winter as heating units due to their higher efficiency compared to electronic
heaters or gas fired equipment. However, the air-source heat pump can cause discomfort during periodic defrosting operations.
In this study, a PCM unit for continuous heating was adopted to solve this problem. The PCM unit consisted of a PCM,
a heat exchanger, and control valves. It was installed between the outdoor and indoor units. The performance of the proposed
system was measured during both defrosting and heating operations. The indoor unit showed an average leaving temperature
of 26°C after adopting the PCM unit for continuous heating during the defrosting operation.
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Fig. 1 Psychrometric test facility.

Table 1 Specification of the test apparatus

Parameter Value
. . ODU 32.6 kW
Heating capacity
IDU 8 kW
ODU-PU 5 m
Pipe length
PU-IDU 5 m
Refrigerant charge 9.0 kg
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PCM #91& A8% ¥7] 49 JEFL Asoy 4% S0 #d 494 A7
Outdoor unit PCM unit Indoor unit
EEV Q
- Heat exchanger Q
- ol. Valve -
(a) 4-way valve PCM §
N
Outdoor unit PCM unit Indoor unit
EEV Q
Heat exchanger : Q :
ol. Valve
(b)
4-way valve PCM
N
Compressor > >
Fig. 2 Schematic diagram of the test setup for (a) defrosting and (b) heating.
Table 2 Specifications of the PCM unit
Parameter Value
Diameter 6.35 mm
Composition 20 row 12 step
Heat .
Row pitch 15 mm
exchanger ]
Step pitch 25 mm
Length 430 mm
Freezing point. 37C
PCM &P o )
Heat of solidification 212 J/g
PCM storage tank dimension(mm) 300/300/600

Fig. 3 Shape of the heat exchanger in the PCM
unit.
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Table 3 Specifications of sensors

Item RTD sensor Pressure transmitter
Manufacturer Omega Setra Co.
Model A class C207
Range -200C~-600C 0 to 3,000 psi
Accuracy +0.05C +0.13%
Table 4 Test conditions
Condition Value

2T db/1C wb
20C db/15C wb

Outdoor temp.

Indoor temp.

Operation mode Heating
Operation rate of IDU 100%
Airflow per 1 IDU 20 CMM/7 CMM
(heating/defrosting)

Table 5 Control factor

Parameter Value
PU EEV 500~2,000 step
Defrosti
cIosing ODU EEV 500~2,000 step
operation
compressor 98 ~140 Hz
PCM charge 10~17.5 kg
Heating operation time 37~70 min.
Operation rate of IDU 50~100%
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Fig. 4 Variation of defrosting time and low pressure
with the EEV opening in the PCM unit.
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Fig 5. Variation of defrosting time and leaving
temperature with the EEV opening in the
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Fgol grasts ol A1 Eashe Wl fol
Z7Vetel W E s} ekl ehar 7]
wtel Wstel AFEA Aztel 2 Folwkrh. EEV
A el mek AL Azl FrkshE R A
9l dusV|E 32+

3
Z9 wE w959 u,

B
>

Fig. 6 PCM TSIl we& A Al

W BEEE7] =55 UrEMD} EE37]

Fe7 Feke] H gkt Hulgte 2 yeR

o A B upel o] PCM T ol EOM

Wart FdEE As QOJEL

QA Al A EEET] £5= 30 C7}77}°
1%

%7}01] e}

2 ¥2 o
e 2k

Y rr e

:L
Jm
&1‘
3
& ool 2

Time (min.)

RN .
N

(,) @injesadwa |

o
P
> 32
O,

1
Al

0?~
rN

fob Mo
0,
off

=37 Ex A
. ol PCM T4 57t whet A%
o

¢

i mlo
12
2
o=

I

2
0%

o ot oy o
.

5 2
offt
g
ﬁﬂl
Fﬁ
i Lo

,d
% g

o
©
h

fru
=]
ol
1o ot iy ol 1 N )y A -

— N o>

o\ o
o [o
2

jule

tlo

Y <y ol 12 n% ol X0 fo X, N ok

o

N

L

ol

2

X

0%

Ho

2

offl

2 o

-

@)

ot <
i =
X M2 oX
Q e

o

fru

o
ol
ud
ek
[K
1o
re
I
e
ol
oX
ofr
Jm
oX.
=2
o o)
]
it
o
2
e
-

12 T T T T T T T T T 32
30
114
-28
~10 o
k= %6 3
E (24 @
9 S
q.) —
1S r22 £
~ 8 o
s F20 —~
—&— Defrosting time o
7 —8— Indoor unit max leaving temp. 18 ~
—{— Indoor unit avg. leaving temp. L 16
6

9 10 11 12 13 14 15 16 17 18
PCM amount (kg)

Fig. 6 Variation of defrosting time and leaving

temperature with PCM amount.

3.4 Md2H T 457 Foso J&

Fig. 7 APFEH 52t bF7] Tkl w2 A%
A A D AW EEEY] 225 YELh b
7] Fug Aol wep A& it adrt SrtskeE 3
< A g . - A 9 Zo] A Azt
@3} 3 Ay EEEY] 229 FsS 7T
T A 4FVE FdEE O AEREHS S
7F Al7H, ol 2 Qlgk Ayl 2 He)r] $F gt
Fol T7Fsh7] wWitel 919k 2 AvE 45 5 U
ot 2 Aol A SFF7] Faare A|2FHdA 8 7
53k Hojgkel 140 Hz7bA 758k, o] & 2% A
S Bt HE7] AEAd B e e Aew &
A& 4= A o= AGEA FoF AUl PCMo] &
ok S S AlFsks Jew B 4 Qdu

10— : : . — 28

©

1 .
T

N

[e)]

(o]
1
T
N
S

—&— Defrosting time
6- —@— Indoor unit max leaving temp
—(+ Indoor unit avg. leaving temp.

T
N
o

100 110 120 130 140
Compressor frequency (Hz)
Fig. 7 Variation of defrosting time and leaving
temperature with frequency.

541



Temperature (°C)

18

50 60 70

Heating operation time (min.)

40

80

< N o
@ e«
a
£
L
(@]
£
>
@©
<
22
Z3
g%
© >
O
58
=
o v o
N~ © ©
(%) Ayoeded
ﬂﬂw]q_mﬂaoﬁ
TN o X of
@?@%%%
= =
E%@ﬂx%
Jo B N g o
Howﬁwo_amﬂmﬂ
TR XM=
T
etﬂﬂﬂﬁ&lﬂ
0
g0 ln
.HAIL.O‘I\AIuﬂ
= ~ 2 0
2RERLT
e
00 —~
©T T T T
Murf _EE CTP N EE
° W S 28N
oy T AT
O#EOT_@EL.
OC]PL] %0
© N RS R

50
30

Fig. 8 Variation of total capacity with heating

H
W)
<t
b
o~
on
o

Temperature (

operation time.

100

()

90

80
Baseline

70

SIO
Time (min.)

60

—@— Indoor unit max leaving temp.
—{— Indoor unit avg. leaving temp.

—— Defrosting time
Indoor unit operation rate (%)

J —— Adopting PCM unit k

temperature with operation rate of the

indoor unit.

50
15 4

11

[e)] [oe] N~
("unw) swi
o :m o "
T o BR
—_—
=0 0|
ﬁﬁﬁﬁ
] X
o} R ﬂ _i
JJE W s
T W H R
T = __& ~
oM e X
< = X
)R ol 2
it ¥
—~ o
2 X o
HTEID
X0 W

ol
T2y X o
aﬂaA dkci
™ xﬁﬂﬁ Wog

Fig. 9 Variation of defrosting time and leaving

olt}. 50%

fLN

7] i

<

Ie 57}

%7

o

.

|
)

I T of oF %

A

() Aioedeo BunesH

10
5
0

W T
N g
~ &o
ﬂAl‘_ ®
o o
biIi v
B
Tz
1
T ™
éw
e
K~
S
o o
S o
. TO
£3
o

T
s
=

.

&

o
il

Fol, (c)oll A
Elgticia=s
(© SAREK

0]
}

El

Fig. 10 Variation of heating capacity with t time.
A28 A7bE o2

T7kelt}. (o)

L

R

FEo) T
AFA(PCM F3 EEV 2,000 step, Al
o 3]

[}

=1

=4

7} 213

&

i

o
i

A A=

il

ok
o}
3

| Xe

o
gl

5

H



PCM #9& A88 37 99 SEFZY Ay 45 540 3 294 A7

Table 6 Comparison of the results per 1 cycle
Baseline PCM unit

Heating capacity 74.8% 74.5%
Power input 11.0 kW 11.2 kW
cor 221 2.16
Avg. leaving temp. None 26.2C

Max leaving temp. None 29.8TC

Heating stop time 10 min. None
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