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Temperature characteristics of condenser and evaporator of
Air-conditioner applying variable capacity compressor under
cooling condition

Young-Chul Kwon"" and Chong-Keun Chun'
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Abstract In order to investigate the cooling capacity of an air-conditioner applying a variable capacity
compressor and the temperature characteristics on a condenser and an evaporator, the experiment on the
operation characteristics of the air-conditioner was performed along a compressor operation ratio and an
indoor/outdoor temperatures, under a cooling operation mode. The system characteristics were measured by the
psychrometric calorimeter. The cooling capacity increased with decreasing the outdoor temperature and increasing
the indoor temperature. Also, it increased with increasing the compressor operation ratio. The temperature of the
condenser was more sensitive for the variation of the outdoor temperature and the temperature of the evaporator
was more sensitive for the variation of the indoor temperature. The operation characteristics of the cycle used in
this present were also analyzed by a pressure-enthalpy chart.
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1. M 82 o] FAIHT glct. 4 WSS FA=E dAd

A&y 327l YRIRE F ARl e dLHeR

a9l Ao AT} ASEL] 1B, Bkl Aol Wk rIRstel A3 dheshA Ratel dul2=rt
ute} 2z7)9] AMgo] YR 271511 Q= Aotk B ALk RHEhH 45719 4ol FAHI 97|H
A 2oz 3] Sl o) oA Adier) Wekd 4717 &

31A7] MG F B Yo o]zgo] 9o} HRojM= ¥ HHE on-off SHYAE Zhec) AE7|9] Fief uet
g

o]

B
z
2o
i)
of¥
N

ch o] Wepo] o] whet ofojzie] Wihy A 3uo] oj2u AlF W AR mE
I A 2] 7P 2 G v]AT Qe FETIe 4 7H IR 288E AT Uil Hnt wket
SMAE el Thast A 2 FES vk Aze A IRl A3 digska YudhdvlsE 43

AE71B0] 2MEE 5 gE7]9) Aol G2 agapy PP AT WHAR PS YHV)E AR AlE

R LR e S gl FAloH. L
"FAAR}: YA (yekweonl @sunmoon.ac kr) &g JEFEY ADYEATE FHst AuA

1325



a7 ests =2 A Al Aoz, 2007

)

oFo] TAAA AW E A AR} ulwet YAt Iy
AAEE AR ALY 22%7F Aol A
FEAEHE %Y= F8AE 2 e
&3 A28l vlaste] 24%2] oAU AaIrt
THL SHATHL. A4 45718 ANshe ARt 7HH
& Y715 AR Ae AAHQ AdA Feanst
F 26.7%0) o]8tti HustRCH2]). £ AlEH ]S
HER S| EFHIT AL At Wby oS
3t ATE FHSHANBA, AF7] AolE A HEF
AlLRS AYE gEE ARSITHs). 23 ¢
A HEEE ARESt] HEF T2 Al2go &
£ Aot @72 sttHel 78 a2 v
B AE o2 72T 4 QU vy A R
&) /5ol weh 22 ol BEe ASHoR A ¥
A 2 gl Fato] matd dgHes &)
S AT = gle YA, 2957138, S5,
I3 AYY ARE A Fo] ok AF A
Foto] w2 o2 UF719] §FE Aol & o
= WAHORA, B3 Aot Fato] webA Y
= % BE BYE Aloske Z2EHAl0] QAT
HEAT H8d FH7I= oA BE4Y £
HE Wi g AR 2389 SPATE 28
AAE S HEshs gAY VSR 238 45
Zlolct. 2 A7e] 532 Y Al 7PAEHE A3
E 4E71E 28T ALH oo 5E HHstste
S A7) A%t 1AL Ao Yo
$57] SALF7] 7153 FRAARE vh} el &
=9 Rzt g 327 % 35719 2=54L A
shedl ok 7HEEF dE7)e AURE, e, &
g, TURE, FH2E F o2 2| wet #st
SEE 2 AYoMe gt 4E7] 23887 222
oA AAYFBEE ol gste] 7PHEFE A&7l 9
o ALF Y] HeHe A, EI ALY 2HEA
o Y SE2E WIS A7sgth ol Mg
FAE HY8she AL Aojd EEIE 98 T
2 55719 & SEARRE B8 7HE Aot o8
sl o] 7hA] Al ExzolA T2 4E719
2HES AP A AR $5 Y FULEE £
AT B3 A= H3te] oE 7MHERY Alad
ooz AlolE AFE YH-AEHLNEE o]l 2
AFsksTh

o

11121
it
1]

X

30 g o M n
T
o

9

™

[

[\
[=))

P

o

W okl R o
tEEE,

N

> My
N

Ir

0

A

do

29 222 r A B Alo|Fe EA4-S A8 Yot
27| dgt 2] A2 Yule & o] &5t TH8). ALY ool
o} Ay el7| = gr2akgile] Al 9 Ao 47
AxEen, z+ Ao A/EFL=rF A3 A 8§
A W(0.3 T)oNA FRIHEZE Aojatgict. 2 Ago] Ab
235 Aad oojH e 4ugF MARAFgoR &I
Ag7)e) Yol(R-22yF3E 243t T3k AXBA
Wy shdgeky A38 k&, J8|u Ao Eudt
712 FAE ok AuizlE dungl], $37], BH,
DAY Sog TR glod, AU EudriFE7))
= 14132 £3lge 2t 1292 FAE Y] ik 2A|
oo dusly| dAQ eEEE $7] 48t UiF
2.0%500mme} WAH2.0x300mme] 27}X)2 MX5tAch
AQ7le &7, dudy], AFEHOIE, APPEH, A
Agahie, £27], g 5078 T 9lom, 4
AWH7)(&&7) e 1.79%] 2tk 48FE FA =0} 9t
=719 iEgg 8 AAYEE A 0oflAH
B 2000 AE)7R) 2FEsheich

Indoor
HE.

Capiltary
tube
A

indoor unit |
1

Az zh

a3y 2. PASH 228 9BV 72 U AEAY



FPAEE GE7IE BT ofoinel Yred A 35 9 Fles B4

#2 1. AU 2=z

21.0£0.3 / 13.1+0.2

29.0+0.3 [ 19.5+0.2
35.0£0.3 / 24.00.2
43.0+0.3  30.0£0.2

21.0+03 / 14.6£0.2
32.0+0.3 / 23.620.2

21.0£0.3 / 14.6+0.2
24.0£0.3 / 17.0+0.2
27.01£0.3 / 19.5£0.2
32.040.3 / 23.620.2

21.0£0.3 / 13.1+0.2
43.0+0.3 / 30.0:0.2

3 12 & Gl AR Al ooz} A QL AL
olZ3 B U YA AZPNE Lekm gk A
Yol AE TPASRY 232 YE7I(TF D Y57
W 2389 SA-3 AAA7re] £2FE2HE Y| E&ek
2 Aofsto] ¢fZ7]ol ke wstAIZITh WA Alo]
+ SE7100A Yzt e $ A7) 2 2iek Ale)7]e]
A eS8 e 2 5 Al oA AE & A7) ollA
FUTE AR F APURE AU 43712 f YU
2 A LE ool SRTF2 2 ¢&7] o 7] of Welf

el 2mez Lgsol ek, W32 A
P 8HEE B4 B sistel i 2 AoP]
T AMBREE AHE Q48 4= 9l on 9FE7)9)
ST R AR B A

£ Aztstol Agatich e ghE7] ATet &7 A
AHAUE B0l 4] 25 } ek A8 2 Yoy
o) Qrelgate) uja o] i zkehs 27 ghito) 4@ R
A BA)sHgch E3t 2%6&%&% F57) A&, AR
B e, du] deT H AN A7
ATEEE 3719 YET DET 220tk AlLEe) L
M YA g olgslel SAaick ¥R 13}
Zgou, duie] 167H4] Lm2ZIM 8L 50%0A]
100%71] 5%kl 2 WBkAl A 7hE A g sestct.
7t erx3h eSO WABPUB | Az s 25
HA AL ofjojzio] ) b dsE Vel s 35719

LR3I LS 2Ystc),

{

EEZXEAG R HEE
pram

=

3. dut & ui

17 38 AYel Alelew g 7k 21 TR T3 A
off Al2m=(21, 29, 35, 43°C)2F AWLZ(21, 24, 27, 3

1327

2C)8 H3le g 238 4E7]9 A& digh Al
=o| Ao Wi vehdc Zg9 Ad) WidsHe
P27 Lo} FUIE AYEHQ) S BoEh
ol B oo HEH IHEH A3E UV EA
AEHY e EHE(50%~ 100%)l14 AF-&FA o]
(linear capacity contro) 2 &A1 9122 oujgict &
gt dd Al zhzte] 2z met Ao Wiks
o] M Fole AR b2 Ft FE BYEch &,
SHE0] FUHSE 5YFTVME Hdle derEe 3
S Hrh Ay2s Wale] g o 3A Yepdoh AW
T/ 21T 138 e ALeEr) RoldesE Wy
L F7etinh. A2 Er} 43T oA 21 TR wopal
oFEg 50%0 4 WsEe oF 1,500W $71E 148
T AHEF 100%0A] ok 2,000W Z7}alc). o= A9
227t Wolglof ulet $EHE =t Y AR Y|
7]‘ otz A Heoj gtEdE pasta 7] YT <A

= F7hste] Wikedo] $7E7] "otk Aol
57} 21T A% A9, AYexrt S7re42 i
Lele 2750 AULE) 21 ColA 32T 8 oba
o] ¢F&E-8 50%0A WHSsEL oF 2200W 2712 18
I AEE 100%l4 oF 4,000W F715k5ich o= AW
227} ool whet SHLLErt A5 Hol Wik
Ho| F7t=E| ol

£ o[r
o Ol

=

16000
Out. temp. 21°C(Fixed) v
In. temp. 21°C
14000 - O In temp. 24C v &
A . temp. 27°C v
v _In. temp. 32C v A ¢}
12000 |- Sl v A
Py v A o} L
; o} ¢
= v o " 4
2 10000+ A n
o v o = b4 v
[ pay [] A
2 Vo4 O m o a
O g0l v C ® e A v
A 0 m A y
= [ v In.temp, 21°C(Fixed)
g 2 . x v 8 Out. temp. 2TC
0L 5 o & 4 o Ot terp. 29°C
s A v A Out temp. 35°C
AV v Out. temp. 43C
4000 L i I PR A 1 n I n
50 60 70 80 90 100
Operation Ratio (%)

a8 3. Hyjeler d 28 HS] nE Hr)

pou} Ayesst we %(32 Ol 28] B2 &
75 g ARRRQIT)% The thEck ®



abel7) &8s =R A A8l Al6Z, 2007

55
» Out tenp. 21°C In. temp. 21°C(Fixed)
o Ou.tenp. 29°C
A Out. temp. 35°C
- v Out tenp. 43C
g “f
& Vv vy T vy T vy Y
2 o
E_ A
E ol o A, A a4 4 4 a
k-]
5 e °
O % e _ o o 0 o o
251
] . L] :
[ | | ] | ] | ]
20 T T T v T y T
50 60 70 80 %0 100
Operation ratio (%)

a3 4. Hojex 9 g sl 12 $E5LE9
AE A= 21T2)

» Out temp. 21°C In. temp. 32 C(Fix
o Out. termp. 26C ) CiFixed)
ra ou terp. 35°C v
v Outerpd¥Cy v v ¥ VY
v ) vy
@ v
g A A
A
T w0 A A A A
[- N ry A
£ A .
2 st o o o o
g . b
Bl e
O 30 .
[
a " g "
25
[
n
20 1 i 1 1 1 n 1 1
50 60 70 80 90 100
Operation ratio (%)

38 5. A= 9 LA Wgle B2 IHLE9)
AT AY2E 200F)

55
8 In termp. 21°C Out. temp. 21°C(Fixed)
50+ ® Intenp. 24C
A In. temp. 27°C
- v Intenp. 327C
e “r o
o
[}
T w}
o
§
helll o
o
€
S »
I *
* *
251 A * I I °
s I * H " . .
3 8 s o @ s e &
20 1 1 1 1 1 i
50 60 70 80 90 100
Operation ratio (%)

J8 6. AWl 4 218 ws) ©E 3H2E9
AT AY2:= 21TIA)

55
50 v
Yy v vV
sol xriiliiTo
> $ ¢ 43 8 ¢ s 2t
@
E ot
a
E
2 5l
g
H
30F
© m n temp. 21°C
® In. temp. 24C
Br A intenp. 27C i
[ w Intemp. 32C Out. temp. 43 C(Fixed)
20 1 A 1 L 1 L 1 1 " 1
50 60 70 80 90 100
Operation ratio (%)

a3 7. Ades 9 248 W) g $E5259] AF
Aoex 4301A)

3 SHLEE AR A4 uet F7sach A
£ 20T 99 Aol $FLEE UeEe o
1T~2T Yol AFstech. 2ot AheE 32T
U 5)9 Heo) Aojesrrt o 2C~6THE BA &
xgglon], gxgol 7t et $xewe] 3712
o Ak Lolutth. I 6, 72 AYLEES 22 21, 43T
2 1% 490 Agene} eg Wkl G 32
zo] wslolch. AolLE W] die $HLE0| Wt
£ 39 4, 584 g At AejREr 21T(aY 6)Y
WEc 3T DY o $HLEA Hohe AS & 4
o|gk ALES] Wske Fojd Alolere] of 1~7T
Yol4 A5e ) 5, SEHLEE AHews 26
o] F7HUSE F7IBHATE ol 85717 Aelet A
WSS S UojeEe] o We 4P W gy
ofth. 223 Az WS ASsh] AIe AR
o] 28g Fo AAH TP Wt AR ol
N AR o) Aoewst fARE AL HYL
o 4 Qltk E AE7]0) £Ago] F7A Hal A4S
719 F71doe) kel AR D G719 EELET}
271 Slmg o)z sl §3719 Lwet o] F
7 =i Roltt.

Y 8, 9% AYLES 747t 21, 2CR TR BS
o Aojemel £xg Wil TE FYLEo] wstoltt
FUHLEE ALEA S7Hbol ek of 1~2C WolA
F7tstanE, 2Hgo] F7Ktel wet FULEL of
4~6T Yol ARH F4S BYrk 2T Fue
EE Aoes wstuct AUeE Wz o A 9%
we oz pEelh 19 10, 1S AeEs

o



1AEF E71E AEF olone YRR A 35 U FULE B

Z¥zk 21, 43T E A A0 AYLrol o484 W3}
o W2 FULre| wsjolt ASlLE 21T 10)9)
Ao AT E 2713} whf 2w oF 5~8C

o 7128, 80| F7KYl me} B EL of 4~

5T F4Eg 2oink dolew 48T(d 109 3%
o die=s S7Hetel meh $ELEE 4 7~10T

MRS, ALl SUK wet SULEE o 4~
7T a5 Yk dho2RE, 37 e
= gl AHAR] FEE wonn, Alers I
Aol SU] Wshe A9 dAsich npebA dojew=
o] Wil @2 F2wo] WE £ 3% ok 1y
A2 g VA Fpol A emrt STk =Y &
4719 AEFFFol % Pt Hol S wrt a3t
ot Wb 2go] Skl wi Qulfao] S7ksta

ojof) w2 MR MNeFgo s Zyvjo) Lol
YYYEE FWLEI} WolxA) k.
25
8 Out temp. 21°C In. temp. 21°C(Fixed)
® Out termp. 29C
2DF a Out. temp. 35°C
v Out terp. 43C
T )
o
()
k]
a 10F
3
s sl Z I v
o DEEPREPO - SO
LI B T
o} 1
_5 —L L A j - 1 1
50 60 70 8 % 100
Operation ratio (%)
a3 8. Holew 9 2Hg Wil nhE ULz 9|
A% WUz 21013
® Out. 21°c
[ ] . terp.
L o Qut tomp. 29C In. temp. 32C
20F A Out termp. 35°C
| ¥ Outtenp. 43C
o 15F A
% x * : : A x
g - $ 31
Z g0t = s B om e 3
2 M
E | ]
&
s S5f
&
oF
-5 1 i Y ) I 1 " L n 1
50 60 70 80 90 100
Operation ratio(")
3 9. A9eE W LA Wk G Fuewe)

T 3200A)

u In tenp. 21°C Out. temp. 21°C(Fixed)
2 ® In temp. 24C
[ A Intenp. 27°C
v In. temp. 37C
g 15}
i
z Y v v
s oF vy VvV v v
E A v
2 . A A A
. [y A A A
S 5 = . 30 e
w " u .
n [ ]
[ ] |
oF []
-5 1 n 1 JErS— | n 1 1 L 1
50 60 70 80 90 100
Operation ratio (%)

a2 10, AUlex 9 238 Wil nE FEHR9)
H3h (Aelew 21 TIA)

25

20
< 15F
g v M v
2 T v v v
3 A A
2 A A v
o . A
£ ° ° 4 4o
3 " a2 e e o o A
s 5f M .
g R m .
w n n temp. 21°C .
oL ® Intemp 24C .
A n temp. 27°C .
v n temp. 37C Out. temp. 43 C(Fixed)
-5 1 n 1 1 n 1 —_ 1 JErE— |
10 12 14 16 18 20
Operation ratio (%)

a3 11, Ades 9 238 gl 08 FEard

Wik (dejeE 43Ta%)

% 12, 138 zhzk Ao g A2 & wisle] gt &
Zoxdt Zurew ol AGEAE 100%)E ¥H-dE
(P-h)"“E"ﬂ vebdch 79 12+ AURE 27T ¥

Aeryl 21ToA 43CE Fobgldf uet &%
E_ﬂlo OF 82bar®] 2/}, SHOTL 25ToA 46T
A Fristd o, Faetels) SULL| AbeE A
Ao nulsil. &, g—f—%’ﬁ% %“7}5}4— 57 &
Folx e detuls Zasiyct 1P 2RE, Hojer
7} 21CofA 43T E F7H8k= -?— ] 719 Adg
Trat= oF 26kl/kgo 2 AR 9] ‘%‘—6"1’]-% aA &5
o Wk b)) ehEUERe oF s2klkg A SIS
I A YR ago] ZA wobd& "ﬂ%@_ £ Qlck 3



FRAR7| &S =2 A] A8 Al6E, 2007

13 AYLE 35T A2, APLET} 21CHA
32TE Z7F met 2UYSS oF 1.7bard) 2718,
ZWeEl 1ToA 9TE ZF7lslgou, A &
29 Aol AgFoR njufs BoFch I13e
2HE, AYLEs} 21THA 2T Z7hhe 390
5719 dgy ZAE oF 0.3kIkgoldl Y& g
dF2 oF 1.3klkg Z43FAT: O An 39 129] Ay
2= 149 LAEANRE G AjLEs} DAEE 3
S0 Alade] oluiREge) Mok 27| 4Sg AZY
4 9lr}. ol Y AL A2E YZI7F H49 o
oJAe] YA A AYe] Lxusle] WE Afo)Ze
W3l 2 HeAS Felstdct

---- Out temp. (21°C)
------ Out. temp. (29°C)
e — Suuma
qadiine > Out. temp. (43°C)
5
2
S | A ey
‘5 PP IPIPPY AP
@
e 10
o
In. temp. 27°C(Fixed)
1 n 1 1
250 300 350
Enthalpy (kikg)
33 12, 4950 B2 phils
(HUL: 270(1%), 238 100%)
---- In. temp. (21°C)
Saturated | In. temp. (24°C)
liquid line™a, —— In.temp. (27°C)
------ In. tamp. (32°C)
E ......................................................................
@
5
@
@ 10}
o
Out. temp. 35°C(Fixed)
L n 1 1

250 300 350

Enthalpy (kikg)

33 13, AheEe] B phiis
(AQ2E 35T(2A), 48 100%)

1330

4. 2 B

2 7ol BAe Wwied A HugTY 238 ¢
718 HE8 ALY ool 52 Hatstel W
e ANV 1% DAL AT QVOE Y&
$AET U] £xo) Wzl WE 327 2 35
o EEAE A AT 2T ok 2L FEL
A9ick
D) Aade) Mo @EsAe AoleEet MpLE W
S99 wolA 27 oF 30%s} 80% Z7Hsigich &
3 957] $HE0] FHUES PP MY
o2 FA8qt ol 7PAEF YTt HBE
e CERCEEERE L
2) $HLEL USleE 22T W] o 20T 27
g RYT AWLEs £aE el okt 1~
709 WYl AFHA FLLEL $5LE
Agohe the Zee Holtd, 4heE 11T ¥
Sl FULEL oF 7T /1S, AYLEY
Bistoliz 2C ofjol i AT SHB W
of et FULE Mok SHLESRE WS 4~
7T WlolA Fastgch
A HESHE Aot F7He BS
o R Zas3 gEUo] F7Hste] Ui
280 FA2E 92 5 gou ANeEst 37
she A9l oA a&el sk Eaist gt
o}

off Hu

N

NN

3

~—~

o

rer

k-]

[1] V. Bahel et al, "An Assessment of Inverter Driven
Variable Speed Air Conditioners: Sample Performance
Comparison with a Conventional Systems”, ASHRAE
Trans., 95, pp. 455-464, 1989.

[2] C. K. Rice et al, "Comparative Analysis of Single
and Continvously Variable-Capacity Heat Pump
Concepts", Proc. of the DOE/ORNL Heat Pump
Conference, pp. 57-65, 1985.

[31 D. Y. Han et al,
prediction of the multi-type heat pump system",
Proceeding of the SAREK, pp. 515-520, 1999.

[4] %A 9l "RAI0AE g3k Dejolola ALge
AT ApolZ AlgEold ZRIW A, Ak

£33 =1X], A3Y, A3, pp. 210-215, 64, 2002.

[51 S. Y. Kim et al,
multi-heat pump system using PID control with

"Design and performance

"Capacity modulation of a



7HESE 4S8 A4 ofoje wed Al

fuzzy logic", SAREK, 13, pp. 810-817, 2001.

[6] J. M. Choi et al, "Experimental study on superheat
control of a variable speed heat pump", SAREK, 13,
pp. 233-241, 2001.

7] AFE 9, "$37H PAE HE3 42719 A%
A, AU FEEA, A13Y, ABE, pp. 214-218,
94, 2004.

[8] AA7IEAFY, “AEdstn Fridgy]s] dgay
7] AeH7IA”, pp. 3-27, 7€, 2001,

# A E(Young-Chul Kwon) (H3|A]

e

1989 249 . Ralvistn A7)
Azt (Fatih

19919 94 : =g Ayt 7|
AZet (Fs4Ah

1996 8 : E3rz It 7|
A IHF AP

1996 94 ~ 19999 29 : 3
A AYATY (AAATY)

® 19999 39Y ~ ¥A) : ABGEty 7)A T Hya

o HT T

<THlRop

BTz, dg

H T TChong-Keun Chun) [H21d]

19804 24 : Agoistw 7|4
Astt (F8hrh

1985 129 : University of
California, Los Angeles (F&H4
Ah

19919 694 : University of
California, Los Angeles (Z-3fah
2

* 1992 3¢ ~ @) : A stn 7|A T B

<THlEop
S8, 2/ Ao]

1331



