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Abstract Performance factors such as the EER(Energy Efficiency Ratio) and the COP (Coefficient of Performance) are being
replaced by seasonal energy efficiency factors, like the SEER (Seasonal EER) and the SCOP (Seasonal COP) to evaluate
the performance of a heat pump by the time of the year. Seasonal performance factors, such as the CSPF (Cooling Seasonal

Performance Factor) and the HSPF (Heating Seasonal Performance Factor) are used to describe the heat pump’s performance

during the cool and hot seasons. In this study, the optimization of all heat pump’s operating parameters was experimentally
conducted to enhance the SEER based on the EU standard (EN 14825). Moreover, the SEER was improved by the compressor
frequency, as well as indoor and outdoor fan speeds. In addition, the performance characteristics of the heat pump were

studied under partial load conditions. As a result, the SEER was enhanced by 17% when the compressor frequency was

optimized. An additional 2% improvement was achievable with the optimization of indoor and outdoor fan speeds.

Key words Seasonal Energy Efficiency Ratio(SEER), Optimization(# %] 3}), Compressor speed(457] &4 £%),
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Fig. 1 Schematic of the experimental setup.
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Table 1 Uncertainties analysis

Variables Uncertainties(%)
Mass flow meter 0.36
T-type thermocouple 1.44
Pressure sensor(abs) 0.32
Cooling capacity 1.77
Power meter 3.74
EER 3.17
SEER 6.53

Ao ALgd AEFEAIE Oval AFe] SHEH 0
~120 kg/he] ZHFHFAE 23S Eﬂﬂ T-type @7
et Ao gHAA e 54 W -200 C~200 C,
0~4,500 kPa 9|2 74]%7]%

5719 A doly ASS
T Table 1°] HA)E}

714 EN 148250 WAE 270& 7]Who.2 SEER
Ao sfgst= AW DB 27T, WB 19T, *‘91

EL
~
PN

35C(A), 30C(B), 25C(C), 20C(D)Y] AT+
g 259 60%0l STt s 3ol A *‘?ﬁ
=3 63 A
AAZANNA PYuhgSF 35 kWE AAE dushy)
A}d‘lo}cﬂ 23] 2} X ]g Astgorm=z 97] 35T
ZZ(Full load)oll A W59 3.5 kWE ¥H=3taL, 3
1‘41 EER—% 7P7<lt 57 QUSRS

-3} 90%~110% Atel
HDJ;qE MAsG T =
T, AEEE H2ss)

s B »gﬂ % 19 UEE AR
w5

WEE 7] 98 44, FEF o} 90%
=R =

Table 2 Ranges of the operating parameters

Condition Comp. Indoor fan Outdoor fan
(Hz) (rpm) (rpm)
A 56 1,650~1,950 600~1,050
B 32~40 1,650~1,950 450~900
C 18~26 1,200~1,500 300~750
D 16~20 1,200~1,500 300~750

(© SAREK

N
™y
2
>
ol
Il
uic)
[
1o
Mo
[
)
&
e
a

£ T3 WAIEALS(SEER) 4ol #ek AEA AT

ot bF7] FI7E stolxH 9FEY] FHAAE EERO|
7 ek7] wiell, 14 S ek oA &) T
Trg Haslsle, ol& HA 457 FoaE A4
sttt 1Ela A E 47 TJ+$§ a17gekar A
yelde] £25 vsiA I o224 71 52 EERbn©]
EEH v AFAA S SEE A AU S22 A
ﬂé}OﬂD} EERsin> Y52 o] F-it 4319 110% o]/
01 El RS o, 54 % EERY #H9¥E] 7} 2 -&= o] SEER
Zo AMEE e o2 SAE EER, FEF3Ie 9
ﬁ‘”“’ﬂ/l HEQl A& Crw=E 749 21S F3l A
AbEin), w3k 7 HrtR A A EEE 47H94 EERbinS
H]_Eloi 017}}\11]}12&0] ﬁx%gﬂ uH_,_oﬂ 7L7Lg A=

53l =404 H) EERwinS SH. &) A7F AH[ A
%ﬂ%k—% v o s Al2HY] Hf SEERS =F
skt

2.3 At gy

SEERZ 47112 H7lz7d A W53, EER, 18] 1L
72 EN 14825941 HA|gE AA7F 7] 56| 9] ] 9] Bin
hours®} 248 &85t ALsIdct o8 st ALl W
*101] upet, A1) 2ol B 5 F5F dEy] xpol&

&3to] Wiks g S ALtsigler, EERO A5 2(2)
9} o] WlgElea] F57], *eLHﬂJM ZH| A 9
v Abskltr mgh, HrE 2719 7)E0] HE
= A(3)H 2ol 97] 35T AZRNA AHA
W5 (Full load)@} F-E-5-3H&(PLR)2| Ho.2 7|

oL jﬁ o

o o rx il o e
St

3t31aL, SEER Al4tell X“ll‘c]t Bin &% WA
7ol wet Fohe S AEehs FEneke s A(4)
ol XHLWE} 1AL Ft et the] A o] de]
WS AdER A8ste] A& T8 EERwm
< %4(5)2 &5k Artstal, A& A8kl e &
ZAE(Cru) 2(6)2 2ol ALkttt &4 E&(Cru)e =

A8 W o] B eh o) de] Aot Alite] 7
wot, A0l A8sh] s = WEs o] B
] 110% ol’dol =ofok 7Fs sttt 5, F-4-312] 100~
110% Abolo] W¥s o] 49 2082 s = 9A
1}, BER®] EERnO. % zlwﬂ
90%~110% WoIok o] 1= H-g5of e =

o

x] gom, 110% °]/de] 45 oﬂUJ 150 52 glow
2l(5)el &= o] EERvin =% E&Hu}
Qeva = 7fhr'ef(he'ua.o - he'ua.i) (l)
QP”I a
EER = : )
Vmep + VV;ndoor fan + VVoqunm fan

\<

Zyzre] Wtz A EZE % EEReins 2l(7)o 48

113



3t - (active mode) Al, WHAIEAL T A XS H]
3} SEERas ALME 4= QUT) o] A& FA3kar 9l
= b= 4 97X A 2 bin hourE 9n|slal, 7]+
o] &= 7| dolH & 9714 EN 148250041 AlA| g
HolH & &8sty 1o el 27 Ako] &
7R A FEReteE g s &8st
o part load(T)E ==ttt 12l EERmn®| 75
BEReE 27 Atole r|emolA e UiHE &8
skar, 9]7] 35T o)X, 20T olste] A9, 77t A%
7} DEANA AFEE BEReins AFS-3FSITE

R o

Part load(Tj) = PLR( TJ) X Full load 3)

T:)utdoor DB( ]—}) -
35— 16

6
PLR(T;) = <100 (4)

EER,,(T,)=EER-[1-0.25- (1—Cru)]  (5)

Partload
Cru= 0. (Qeva > Part load) ©6)
Ehj . Par’tload(Tj)
SEER,, =~ )

n Part load( T})

hj ' EER]/IZH( 7}) )

Jj=1

obx ArEE kS nmpgrow 2((®)F 2 (9)E Z-&3)
o] A7+ W= Q " (reference annual cooling demand)E
oHsl= Qe A% AM] 7 H & (annual electricity con-
sumption)S 7|3t QarE AXFSEaL, 2(10)3 o]
SEERS =ZE3tt A(8)°l A Heew W Al 57F 4
o] AlZHS oJmEtal, o] EN 148255 il
slo] 350417 o. = A-g-ato] AFeFQIth 12] il crank-
case heater®} o] -7a}A] eFs wle] 7]} Andd
I T BASkE ANAYS e gl Qe
219t Zol AT VI Anldge Hew 54
g gte AREsalen, A8AIRE2 EN 148259 A
H gre=m A&kl

Qp = Full load X Hy, ®)
Qo
Ver™ “spgR,, o o ©)

+Hgp+ Wept Heye s Wegt Hopp+ Wopp

Qc

CE

SEER = (10

114

3. NEAT Y 1

i

3.1 A=A =X HO Hy MH

1/1041:1

o
o

5 kWE
A o
2ol
ERS U}

. =
T HAAY] MFE 2] 9
7] F9E 56 Hz2 1AGA
o] £EF WsIAIZ|HA A
Eldlar Qi) Aejd &

O

Fig. 2= A3 AH&¥ A|=Hl

(
==

A

BN
)
=

ok~
ofr M
W=

f

oL o Ao B
>

i) £

o ME

>, ol
o
Y
!
i
EM
N
@
S

ot "
U g Y

5

1=

i

3
8
=%
ll
o|N
)
>,
)
[o o
£ 1
~ oL H-l
olL
ol
B
>

E
B
= e}

o flo
1o,
~
X0,
O
e

(A [

r [

> & E
N o
_|_,5 o|\
i o N
ol\ ftl
— 1o dJo
we
< =
= k1 ol}ll L
o‘lF 01\?1 —'OT‘
-
o I =

2
W ok
BRI
N i)
— 0 M
N >
= N oz
= §
i 2
2,
£

N
fu
ro
S
o
oft
of\
N
oft
f
i)
i
N
=)
Sh!
2
of

N

EHTE Aol o whe} wjg E Fow gy
o = otk AU £2E 1,800 ipmOE LA
Aolgl £%=E 600 rpmol A 900 rpm O E F7FAI A
wl, EERS 4.5% S 7F38F31 2.1, 900 rpmell 4] 1,050
mo 2 F7FA A& wol|= EERO] 2% AE A4S
I At} oY 3 AEFS nkdste] Az A ¥
3.5 kwoll &3t 714 %2 EERE Zt= 717}
Weldl £ 1,800 rpm, 900 pmS 2 £E 2

S o ot o H
> oF .

2 10 oo uQ
i
i
J
k

AZZNA AR IsE 35 kWE 712
Z3 REREES nigo s YA x4 &7
HA s Agsilch. WA, FEye 208

Z

) T fu
2

Rl

3900 43

—m— Cooling capacity (ID fan 1650 rpm) OD temp. (db/wb) : 35/24°C (A)

—&— Cooling capacity (ID fan 1800 rpm) Supertheat: 5°C

—&— Cooling capacity (ID fan 1950 rpm) Compressor speed : 56 Hz

3800 | —o— EER (ID fan 1650 rpm)
—o— EER (ID fan 1800 rpm)

—£—EER (ID fan 1950 rpm

4.2

3700
| 4.1

3600

Y33

4.0
3500 o

./’/‘“ L3
3400 -

//l
/I
/l
L}
3300 . . . . . . .
600 750 900 1050

Cooling capacity (W)

38

Outdoor fan speed (rpm)
Fig. 2 Cooling capacity and EER according to in/outdoor
fan speeds in A condition.

(© SAREK



nul

eyl

les]

=

2

Ho

=)

oy

Q

)

2 o 4y 2

tel
olr‘%z’ié
z BN 2 E
] o e b il

AL o
1o o
oL
ok

30,
o
Jr H
ML g
TN
~
8
=
B e OL w
W o fE A 1 o ro

EERbin
3FAA| R,
% 71:1!-)\ 3O

o 4
Ac)

k!

™
N

9

R
Jgo\ AL
o oY

B 2

34 Hzoll A 38 HzZ 7141 H Eal-las,
o F k. wRHAR cEANA 45V FITE
18 Hzoll Al 22 HzZ S7FAZ S W, EERoin F 12%
ZF A3k o, 22 Hzoll A 26 HzE Z718tS o, oF
15% 4a3s & 5 Ut 4 HzﬂJ%.’— 47 FITE
EAs A Z7PA A A WF EERbin 7 AaE-S- ThAa Ao 3t
o]

O o) 2= 0] = ol= =7 S
S & g e, ole 571 —r-ﬂr 57F= Q1%+ EER
3700 15
—m— Cooling capacity (B) [
3400 J —=8— Cooling capacity (C) [ 14
—A— Cooling capacity (D)
——EER,, (B) 13
3100 o
—o—EER , (C) Lo
2800 -| —~—EER, (D) "
< i
= l
z 2500 4 - Partload (B): 2580 W | 10
5 L
T 2200 - Lo M
g 1900 s &
o B e s
£ / Part load (C): 1660 W|_ 7
S 1800 L7* 3
O D\D\D 6
1300 - [
+5
1000 - L4
Part load (D) 740 W}
700 3

14 16 18 20 22 24 26 28 30 32 34 36 38 40 42

Compressor speed (Hz)
Fig. 3 Cooling capacity and EERvbin according to com-
pressor speed under partial load conditions.

Indoor / outdoor fan speed : Fixed
1.04 4B condition : Comp 32, 36, 40Hz
1.02 4 C condition : Comp 18, 22, 26Hz
D condition : Comp 16, 18, 20Hz

— *— Penalty ratio
EER (B)
EER (C)
)

>oopen
m
m
o
Gl

'D' condition

Penalty ratio
RNEERNEE|

T
©
up

0.88 4 © 'C' condition \ e
0.86 -7

08440 4 - [ e

® 'B' condition

0.82 T T T T T T T T T T 5
09 11 13 15 17 19 21 23 25 27 29 31

Ratio of cooling capacity and part load
Fig. 4 Penalty ratio, EER and EERwvin according to ratio
of cooling capacity and part load under partial load
conditions.

(© SAREK

At opyl, FEFE 110% o] WisE
o] PAE = AHFH Z4% EERY| HLE 7} 485
A7] wiiEol ok Wk D79 -9 EERuinS U3
ke o = g, BE oA RRYE 23
2 <8 HgEE wky] "ot

olglg eV} HetzAelA v PG 3
oFst7] 91all 2(5)ol4 EERS A19]gF H-+&5 Penalty

o AAhel s} Sl W el U
Penalty ratio®} ©] & 213 W41+ EER, EERmin®] x}o] &
Fig. 45} o] LheRo] umalngity, Wi Eoe]
3F 90%~110% 9] ol &AE o, dAdeE v
A o, 110%E 22e 45 54 % EERO Penalty
Ho 2glal o] E vig o R

ratioS 3l EERuin®] A4k
EER¥} EERwnS W23 Ay} B, cEdoA 2+ 36
Hz, 22 Hzoll A #HEE7F A& glow, DEANA
= RE A #HEE s} X*%n% ok g Ut ol &
C’H B, CZ7—]0]]}\1 ‘ﬁLﬁE 1_—1 ] E]%]?: ] L%-
= 457 A4 A Fu4 32 Hz, 18 HzE 4 45
7] FatrR dAsGla, DEAYAE H9y s
Hasks 4 e 457 1 T34 16 HzE F4 457
TR AAgdEtodn) 3 Fig. 40014 5L g Hzb
A7 FRTE SRS W, Sk Wile e
Fatiakele] nlgo] Aolgs & k. Ao
2 nF3F 27020 B9 A4S HA 457] T
A 4 Hz 7}/\1ﬁ—% o, °F 10% S 7k AAw, e
ok DI A9 A7 17%, 19% S7HhS & 5 Qlrh

°l& T3l Xi-ré 2AAEE GF7] F5E Sl
W2 HgE] o] Zrtei, 47 LHE
37t T29E EHeE & 5 Qi

=
‘i"q— 750 rmeEit EERbin© ] @ -]' 71':1—5\_613}’@‘ ?ﬂl- ‘)I:
Atk 7R = ¢, DR Fig
4= 450 rpmell 4] 300 rpm tHH] 22 11%, 19% 3

ERo*i&mZ_\,LrA%;&r&EMIOP

e o lon, o5 T AR 2UUFE
]9 =7} EERvinol| WA= J&o] SIS & S
At :LEWr NHM So] w2 EERwind] W3} &
P2 oA ew et 22090 B3 tha Aels
}. c&zﬂﬂ *‘HM Aol Mol A AUl &Fx7}

115



6.5
—a— |ndoor fan speed: 1650 rpm
6.4 —s— Indoor fan speed: 1800 rpm
—a— |ndoor fan speed: 1900 rpm
6.3
6.2
6.1
ﬂ:§
L 6.0+
w
5.9
5.8
B condition
57 Part load: 2580 W
Compressor speed: 32Hz
5.6

T T T T T T T

450 600 750 900
Outdoor fan speed (rpm)

Fig. 5 EERwbin according to in/outdoor fan speeds in B

condition.

—&— D fan: 1200 rpm (C
—e— D fan: 1350 rpm (C

C/ D condition ;
—a&— D fan: 1500 rpm (C)
)
)

Partload: 1660 W (C)/ 740 W (D)

14 | Compressor speed: 18 Hz (C) / 16 Hz (D) ID fan: 1200 rpm (D

—4— ID fan: 1350 rpm (D

—»— D fan: 1500 rpm (D)
13 4
512 4
11 4

T T T T T
300 450 600 750

EER,

Qutdoor fan speed (rpm)
Fig. 6 EERvin according to in/outdoor fan speeds in each
C, D condition.

7}& 7% EERwn®] Z7}elE 23S Blon, Dx
qrE AW AL wet 7 der
o AT o] E Tl HA AU £== B
2] 1,650 rpm ©] 3}, CZZ A= 1,500 rpm ©] Aol A
FAE Y, D2HAAM = Ad &= 450~600 rpm -3t
oA Al HAEEE 1350 ipmYUS & 5 ULk o]
23k S ngo 7 B At A= Fig. 59} Fig. 691
Al 7H¢ %2 EERming 7HAE AUWSH S5 A
wAEER AAsi

o] A ¢ ﬁ“‘ﬂﬂ% EERoine 2t HA Aol &
EABkE ol Fig. 79 2ol Al B Aol
of w4 J-‘s—ﬁ# HF7] 2vHY, W vl
PAE 213 Aolt}. Fig. 7(a)ol A A £x=7F F7}
grE Y J-‘g—ﬁ o] dAstA F7FsHAIRE, 45719k A
el sk vmes o ¢ vk 1
FHUr Fig. 7(b)°ﬂ*1 Ao £ Wslo] e Wiy

=2 o A o\

N
-

JH H
k1

il

116

1700 300 1700 - 300
—m— Cooling capacity ( ) —m— Coonling capacity (b)

[EZZAPower input_Compressor [ZZ72 Power input_Compressor

EZ Power input_Indoor fan @ [ Power input_Outdoor fan

I 250 250
1600 - 1600 - |
] -
—

§ |- 200 - 200
<1500 ™ C condition 1500 C condition LY
-“5 Comp. speed: 18 Hz Comp. speed: 18 Hz b3
[} OD fan speed: 450 rpm| 150 ID fan speed: 1350 rpm | 150 @
5] s
3] T
o s
£ —
g 2
O

1400 ~ 1400 ~
100

1300 4 1300 4
50

1200 0 1200

1200 1350 1500

100
50
0

Indoor fan speed (rpm) Qutdoor fan speed (rpm)
Fig. 7 Variation of cooling capacity, compressor and fan
power consumption according to (a) indoor fan

speed (b) outdoor fan speed in C condition.
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Fig. 8 EERvbin under partial load conditions and SEER

according to the optimization process.

Table 3 Initial control variables

Outdoor fan
(rpm)

Indoor fan
(rpm)

Comp.

Condition (Hz)

A 56 1,800 900

40 1,800 900

26 1,500 450

B
C
D 20

1,500 450
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Fig. 9 Variations of part load ratio, optimum compressor
speed, in/outdoor fan speeds under partial load

conditions.
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Fig. 10 Variations of condensing and evaporating pressure,
discharging temperature, and mass flow rate when

optimizing control variables.
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