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Experimental Study on Liquid Gas Heat Transfer Type

Pipe Used Package Air—Conditioner

Il1-Yeong Heo

Department of Refrigeration & Air Conditioning Engineering,
Graduate School, Pukyong National University

Abstract

An refrigerant pipe is separated by gas pipe and liquid pipe according
to the condition of refrigerant in the pipe and is decided the proper pipe
diagram and length according to the classification, condition, using
temperature and pressure of refrigerant, capacity of system and
installation area.

The length of pipe can be changed by installation condition. Especially,
the length of pipe is changed widely in case of compressor and
condenser become the same unit, generally is being lengthened because
of installing at the roof and ground of building.

If the length of refrigerant pipe is large, the pressure drop increase by
friction loss, fresh gas is generated in the gas pipe, refrigerant supper

heat vapor is increased in the gas pipe. So, apparatus capacity does not
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match with design capacity because the pressure and temperature of
refrigerant in the evaporator and condenser and the COP of the system
decrease due to increase in the power of compressor.

In this study, the ability for the function of double pipe inserted liquid
pipe with small diameter in the gas pipe with large diameter for the
circulating of liquid of high temperature and high pressure and low
temperature and low pressure at the same time is presented. And in this
double pipe, liquid pipe of high temperature and pressure is used to
connect condenser and expansion valve and gas pipe of low temperature
is used to connect evaporator and compressor. Also, when liquid
refrigerant of high temperature and gas refrigerant of low temperature is
circulated by reversed flow in the double pipe, the contribution of liqud -
gas heat exchange pipe is studied by comparison of the effect of heat
transfer by temperature difference when liquid pipe and gas pipe is

installed separately.
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Table 1 Presumption of demand air-conditioner in world
(1996~2004)(Unit : Thousand)

1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004

T (A7) | (AA) | (A7) | (AF) | @D | (1F) | (AF) | (IF) | (F)

[Shi1

A)A A | 33,981 32,077 | 35,188 | 38,308 | 39,714 | 40,040 | 41,730 | 43,557 | 45,401

a4 8 | 8827| 7668| 7,270| 7,121| 7,791| 7451| 7,532| 7,615| 7,569

o} A o} 10,224 10,306 | 11,392 | 11,872 | 13,658 | 14,719 | 15,937 | 17,270 | 18,731

z % 1,413 1464| 1,720 1,763| 1,836 | 1,892| 1,950| 2,010| 2,073

1,433| 1,405 1,731| 2472 2552\ 2,721 2,898 | 3,088 | 3,2M4

5 v |10315] 9,292 10,437 | 12,408 | 10,207 | 10,207 | 10,269 | 10,332 | 10,395

! 1,070 1,108| 1,588| 1,665| 1,922| 1,922\ 1L978| 2,035| 2,093

o}x g7} 420 498| 511 520 9562 962 582| 603| 623

o < F 79| 336| 539| 487| 566| 566 584| 604| 623




Table 2 Presumption of demand room air—conditioner in world
(1996~2004)(Unit : Thousand)

e

_?-

1996
(A4)

1997
(24)

1998
(24)

1999
(A44)

2000
(A)

2001
(%)

2002
(%)

2003
CEY

2004
(%)

A} A 3HA]

25,444

23,593

26,410

29,017

29,942

30,317

31,787

33,383

34,976

g &

8,002

6,904

6,599

6,492

7,084

6,730

6,797

6,865

6,796

o} A] o}

8,852

8,655

10,101

10,488

11,939

12,912

14,035

15,266

16,617

of¥
ot

1,206

1,245

1,378

1,413

1,472

1,517

1,564

1,613

1,664

3
i)

1,205

1,169

1,442

2,134

2,172

2,314

2,462

2,622

2,794

He
i)

4,613

3,904

4,501

6,079

4,577

4,078

4,079

4,080

4,081

947

979

1,449

1,523

1,729

1,764

1,815

1,867

1,920

ohz )7}

388

457

469

476

496

515

833

553

o72

231

280

471

412

473

487

502

517

532




Table 3 Presumption of demand package air-conditioner in world

(1996~2004)(Unit : Thousand)

2 3 1996 | 1997 | 1998 | 1999 | 2000 20Q1 200_2 200_3 2004

(A (AF) | (AA) | (AR | (AD | (€1F) | (AF) | (IF) | (1F)
AAZA |8,537| 8,484| 8,778| 9,291 | 9,772| 9,723| 9,943 10,174 | 10,425
9  B| 85| 764| 671 629| 707| 721, 735 750 773
o} Al o} [1,372] 1,651| 1,291 1,384| 1,719| 1,807 | 1,902| 2,004| 2,114
Z ¥ | 207, 219| 342| 350 364| 375, 386| 397 409
f % | 228 236 289| 338 380 407| 436| 466 500
B v |5702| 5383 5936| 6,329| 6,329| 6,129} 6,190| 6,252| 6,314
Z 4o | 123] 129 139| 142 152| 158 163| 168 173
o= 7} 32| 41 42 44 46 47 49 50 51
o & F 48| 56) 68| 75| 75| 79, 82 87 91
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6,395,4269 & 57.3%A L F7lstg v, AAEY LS 1= 1,7819 46
oA 1F 6,7809 80U rYE SR 424%AHAE FUFsIAd. 2 =
W &3k 328,870 ¢4 558,328 2 Addin] oF 70% F7hEAe
o, E35YE 1,4069 5499 A XA 2,398 7o wtP o A
Hu) 71%%7}s 9 o

Table 1.4& 1992~200097tx =Wl § o] 9 AAZFE velu,
Table 1.5% & °lojAe MAFHE, Table 1.6 JW F oA
£314%S Je L, Table 1.7 I F 99739 &3 v9& v&
A

1999 ¢l A} 2000 742] 7] x] olo] e} AL 444,367 4 2000
Jd 812,365W = Addin] < 82.8%=E F7IEd e, AAFTHL 5913
o) 99wkl A 8,134914MWtY o2 37.5%2 Zv}stgdct. 2En F
W 3542 3742179 A 602,4959 2 61%E F7Hsll 2w, &3l
T4 52229 129gkdelA 6,9659 899tdew Addw] ¢
33.4%%7}3 QA e}
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Table 1.4 Production volume of room air conditioner in domestic.
(Unit : Number)

1992

1993

1994

1995

1996

1997

1998

1999

2000

818,700

825,000

959,721|1,771,271

1,910,291

1,945,209

2,066,497|4,065,695

6,395,426

Table 1.5 Production an amount of money of room air conditioner

in domestic.

(Unit : Million)
1992 | 1993 | 1994 | 1995 1996 1997 1998 1999 2000
332,412|388,958 318,329 548,779 | 616,079 | 694,236 | 867,992 | 1,178,146 | 1,678,080

Table 1.6 Shipment number of room air conditioner in domestic.
(Unit : Number)

1992

1993

1994

1995

1996

1997

1998

1999

2000

272,883

287,000

240,261

379,145

670,150

761,385

427,727

328,870

558,328

Table 1.7 Shipment an amount of money of room air conditioner

in domestic.

(Unit : Million)
1992 1993 1994 1995 1996 1997 1998 1999 2000
130,972 | 158,551 | 146,106 | 165,705 | 269,721 | 303,477 | 154,547 | 140,654 | 239,879
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Table 1.8 Production volume of package air conditioner in domestic.
(Unit : Number)

1992

1993

1994

1995

1996

1997

1998

1999

2000

221,200

146,627

216,923

631,038

701,841

847,878

501,871

444,367

812,365

Table 1.9 Production an amount of money of package air conditioner

in domestic.

(Unit : Million)

1992

1993

1994

1995

1996

1997

1998

1999

2000

270,306

201,973

298,803

562,290

857,271 1,051,770

502,534

591,399

813,414

Table 1.10 Shipment number of package air conditioner in domestic.
(Unit : Number)

1992

1993

1994

1995

1996

1997

1998

1999

2000

161,400

133,693

216,116

488,312

659,898

798,262

432,553

374,217

602,495

Table 1.11 Shipment an amount of money of package air conditioner

in domestic.

(Unit : Million)

1992

1993

1994

1995

1996

1997

1998

1999

2000

242,100

110,638

302,563

491,082

893,689 |1,009,3055

480,360

522,212

696,589
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Fig. 2.1 Schematic diagram of air-conditioning system.
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Fig. 2.2 Classification of air-conditioner
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(b) Indoor unit

Fig. 2.3 Photograph of wall type air-conditioner system.
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(b) Indoor unit

Fig. 2.4 Photograph of package air-conditioner system.

._19_



2.3 v Wi

23171 W=
Fig. 2.5& ¥Ze]3q dojzie] W i< Yehd 222 o] Wi

& As7)sh A E ddstel A8y W $3712HE $59 I
e} o gulsh BARAH B EHstE AR} AL F7)

ERY FUT AL Age] shx Yk £BeHE st2Be FREAG
F WMBE WA AAA AzNAZRE A7) FUES A d4s
2 shibe) vrxe] =R 2 AA $3% do) 9 ETAF FFAL

Fig. 2.6& 51718 eejnsl Wol WA debd ez As)y) o
$57258 $39 12 249 9§ Yt 2B & A& AR A
WA BRI ZRE 0D AL A shx Wik 28 4 e
tagon FEAG.

8% AAA e AzHA2RY AUs)y] fFUES AES =9,
29 2 A4 53 @ shtel gaol £45) FFE

Fig. 27 Az @34 42y 2 s47x oejns 4977 2
2o $4o} A o] AAHANE A At 4 E dAsE
# 9 shazge] A9 BES e,

__20_



Fig. 2.5 Photograph of liquid and gas pipe of wall type

air-conditioner.

Fig. 2.6 Photograph of liquid and gas pipe of package

air-conditioner.
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Fig. 2.7 Photograph of equipment air-conditioning system piping.
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(a) Conventional type gas and liquid pipe

e Mg otas R

(b) New type gas and liquid double pipe

Fig. 2.8 Schematic diagram of liquid and gas pipe

Fig. 2.9 Schematic diagram of combined liquid and gas pipe connector
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Fig. 2.10 Schematic diagram of combined
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(b) New equipment type of liquid and gas pipe

Fig. 2.11 Schematic diagram of equipment in combined liquid and

gas pipe in package air-conditioner
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paaaaiRE

1. Compressor

4. Evaporator

7. Conventional pipe

10. Refrigerant flow meter

2. Condenser 3. Capillary tube
5. Double pipe(15.88) 6. Double pipe(19.05)
8. Thermostatic oven 9. Invertor

11. Water flow meter

Fig. 3.1 Schematic diagram of experimental apparatus.
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Fig. 3.2 Detail diagram of liquid and gas pipe.
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(b) Evaporator unit



(d) Pipe unit

Fig. 3.3 Photograph of overall experimental apparatus.



WA 7] 2 £37)6 94 =49 494 2 445 FF
g et A2y} LAY Aest @ F dolelE A5y
AYe W) §22DL VIR el MNP, WA E
He GHez 44 S A delHE A5t 2 wBe
10me] Zol2 ¥ 7S} 2FSo|E LE 2 GAAE AN
$4A ¢xs g SAd9ow, 548 delsHE PCZ A
Al 2932, 2 $29 ATFE FIAE A W94

Asa ) - 2FLES
£2 sgch =3, JAUEE A 7 Az det 4307}
a¥se $9¢ S48
257 27EdE Yo $RAS AN &8 YAFE SAY
L7 Beze) W) £ SIS L $3715 72 w2l v

o
A g AR s ZA &Ao) HEHES A

_36_



A4z AJ4 9 1%
4.1 x93}

Fig. 4.1& 9yl #%F 108kg/h €##A #4357 4+5F 2 557 €
FEe glolA 71E) WE Hx)A B3} sk WA ¥ 259
2742 e F, FL3 YA st2Re VAL 2T AR o - vpE
Adwg AL wite] glo] A P staF f At wE Yo 223
3 e Aolch, 2Pexe} o] 7E9 o - stAF HE AXA
gZ7] JFE 2 Yl EE 235CAHAER FAHZ, $F7] 7
Z APe] 3 W5 E 4 295CHER AFHA FAHZ Yok 2
G 2559 A -l QP 2L e oA TP A} ol
gty QJFE& staBe] YuleEx HF 285CAHE, $F7] 275 o
o] YujeE: FF 295CHAER el . &, 71E w9 A
29} wjmate sp2ae] WL EE ¢ 55T, 4R W 2EE A9
atel7k & A2 ez gl

olg} L ZHAFAE A el o Yrje} shxRe] slxduie] e
3 ASZ slxte] glo] A - rtA dug AL wHe] J|E wid
Hle) 2 LxE Jehlls AL 2y AR ¢E7] QT of
27172 253 Fze] Zo] 10m9 wF WA dmgo] o] Fojz =
ZFol7] wiiolct, Zeu e A dmFPe] A EAHA A=
A dngoe] AF=E 7Hol Hy| WELRE o Yuje dx A=
E RAD TS AFoA A" Aoz Yzd.

Fig. 4.25 9% A4 9ol #%3< 126kg/hE F7HAZAE o

_37_.



o] Z23#E Jehdich, 2P 9}t o] AAAH AL Fig. 4.15% ¥4
3 A% Jdehie, 71E e A$ shaDe stx P EE BT
225C AEE 1TAE Yolxld, o Y25+ ¢ 30T AEERE 0.5C
AE FolAZ 9t 2 - vkx du@ FE @l JolA= vt
2 Wule) FFLEE 29T AXold, o W) 2EE o 30.5CTAHAE
2 47 Folrle A¥E bl et

Fig. 4.3 9] % 108kg/hel oA BAZF 453 FL7] &
TFZo) glojA J|E wiA P A .vtx duF AL ejde] f W) o
7t Jule] £EE Jerd Aol IfeAMgt Fel TV TS5
7t gl EEE VI i 2 o sk dug FAE i BF vk
o] & Yehlz gt 71FE widel] o] sk Wi BF EEE
ok 225CAHER &7 dFZd vE 1CAE @A vede], o .7}
2 dag AL wFe) QoA ¢ 235CTAHER o]t ¢F7] 475
e o 5CHE ¥A verdtz

FRAWH Q7S Ao A YEEE KA J)E WY Agdde
A 295CAHEH, ol &9 $F7 E75% ¥
ehdich 22y o - sl duF FE e JdolA s Hie] o Y
SEE sl2e] #HAe) 15.88mme] AS < 26T, 19.05mme| 7
ok 26.5CHER Utz . ol &F7] 75 W < 357,
3CTAE Yolx2 Sl

Fig. 4.4% vl 126kg/hel slolAe] 33 eHE Q175 o v
TE B F7) 75 b2 W9 2EE e ol adA %
o] 7| wjF 2 o - st d=nF AL WP Ty EFF vtED
9] 7k Wn) 5 & oF 22T 225CAHER A FLT 25E vH
Wz, WelfF 108kg/hd = Eeth o 0.5~1CTAHE @A ez gl

y



th. 282 BAS dF 439 o Y EE VIE e BAE HF
30CHEE Yehe, o - 712 A= FE el slelxe st23e
#7o] 15.88mme] ZA$ & 26T, 19.0omm¢ 7A-¢ ¢ 265CAHE
Yetdz gl ol #% 108kg/hd Wik wlmste] 7)1E wie] A¢
ol 0.5CEA, & - 712 4= HE v Ffede Ae U
ettt

36 - ~@- : Double tube high liquid(6.35)
[ -~ : Doubie tube gas(19.05)
34 [ -} : Double tube liquid(6.35)
L ~{}- : Double tube gas(15.88)
C -’- : Conventiontional tube liquid(6.35)
L -<>— : Conventional tube gas{15.88)
32k
—
.t
g 3 S e, lIlL‘“l‘l‘I; i
T g =ppins {1 ML Lllll
5 .‘.n“'Lii!IILrI!“l—“LrLrﬁl—LlI“L.' rl!llli_l_LIILlL [T
5 28
} - o
) L
Q
Q
-
I [Refrigerant flow rate : 108kg/h |
20....|.1..|..1.|....
0 1 2 3 4
Time(h)

Fig. 4.1 Temperature distribution of liquid and gas pipe on

compressor inlet(refrigerant flow rate 108kg/h)
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Fig. 4.2 Temperature distribution of liquid and gas pipe on

compressor inlet(refrigerant flow rate 126kg/h)
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Fig. 4.3 Temperature distribution of liquid and gas pipe on

capillary tube inlet(refrigerant flow rate 108kg/h)
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Fig. 4.4 Temperature distribution of liquid and gas pipe on

capillary tube inlet(refrigerant flow rate 126kg/h)
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Fig. 4.5 Pressure distribution of liquid and gas pipe on

compressor inlet(refrigerant flow rate 108kg/h)
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Fig. 4.6 Pressure distribution of liquid and gas pipe on compressor

inlet(refrigerant flow rate 126kg/h)
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Fig. 4.7 Pressure distribution of liquid and gas pipe on capillary

tube inlet(refrigerant flow rate 108kg/h)

_46_



20

: Double tube liquid(19.05)

: Double tube gas(19.05)

: Double tube liquid(15.88)

: Double tube gas(15.88)

: Conventional tube liquid(15.88)
: Conventional tube gas(15.88)

-
(8}
I

CHIMOP

[ Refrigerant flow rate : 126kg/h |

Pressure(kgf/cm?)
>
I

(6]
T

K2

0....l....[....l;-..l....

0 50 100 150 200 250
Time(min)

Fig. 4.8 Pressure distribution of liquid and gas pipe on capillary

tube inlet(refrigerant flow rate 126kg/h)
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Fig. 4.9 Temperature difference distribution of liquid and gas

pipe on condenser outlet and compressor inlet

(refrigerant flow rate 108kg/h)
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Fig. 4.10 Temperature difference distribution of liquid and gas
pipe on condenser outlet and compressor inlet

(refrigerant flow rate 126kg/h)
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Fig. 4.11 Comparison of condensing capacity(refrigerant flow rate

108kg/h)
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Fig. 4.12 Comparison of condensing capacity(refrigerant flow rate

126kg/h)
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Fig. 4.13 Comparison of cooling capacity(refrigerant flow rate
108kg/h)
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Fig. 4.14 Comparison of cooling capacity(refrigerant flow rate

126kg/h)
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Fig. 4.15 Comparison of compressor power(refrigerant flow rate

108kg/h)
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Fig. 4.16 Comparison of compressor power(refrigerant flow rate
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Fig. 4.17 Comparison of coefficient of performance(refrigerant

flow rate 108kg/h)
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Fig. 4.18 Comparison of coefficient of performance(refrigerant

flow rate 126kg/h)
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