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Nomenclature

) . . 2
: cross—sectional area of inside of tube [m?]

© inner diameter of tube [m]

. friction factor

: enthalpy [kJ/kg]

. length of increment [m]

. pressure [Pa]

: Reynolds number [VD/v ul

. specific volume [m®/kg]

. velocity of refrigerant [m/s]

 mass flow rate [kg/s]

: vapor fraction in mixture of liquid and vapor

: viscosity [Pa - s]



Summary

An experimental study was conducted to verify performance of an air
conditioning system with additional evaporator in the system that is
fabricated with  capillary tubes. Due to the multi—function of the
capillary tube in the system as expansion device and heat exchanger
makes reduction of investment price and increment of effectiveness of
the heat exchanger.

In this study, capillary tube number, inner diameter and length of the
capillary tube are selected as experimental parameter. The experiments
are peformed with variation of operation condition of the air conditioning
system. Mass flow rate of refrigerant, pressure and temperature at
various point in the system and power consumption of the compressor is
measured with coriolis type mass flow meter, pressure transducer,
t—type thermocouple and power meter, respectively.

As results, the Coeffciency of performance calculation result was that
only 50 percent of each experimental condition was more than 1
Coeffciency of performance. and Most results of 6 capillary tube
connected in parallel condition were more than 1 Coeffciency of
performance.

In case of 10 capillary tube, the Coeffciency of performance Significantly
decreased unless the temperature of the cooling water was low.

It means that the more diameter and condensing temperature of the
capillary tube is high, the more compressor operation rate and energy
consumption and the less efficiency.

As a result, because capillary tube absorbs heat from environment,

when temperature of the cooling water is low, capillary tube can drop

_Vi_



the condenser temperature much more so that electronic power
consumption can be minimized. If more research can be done on heat
exchange through capillary tube, we can expect an more efficient

energy—saving solution in the very future.
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Table 2—1 Specification of the test facility and flow meter

RT 1
Maximum 185
Heat exchanger temperature (C)
(2EA)
Area(m?) 0.32
Plate (EA) 10
RT 1/2
Compressor Refrigerant R-22
Displacement 51
volume (m'/h) '
HP 3/4
Receiver Volume ( £ ) 1.5
Connection 3/8" in, 3/8" out

Constant temperature
tank (2EA)

L100cm, H38cm, W20cm

Refrigerant mass flow
meter
( Micro Motion

F—series)

Standard uncertainty : £0.044%
Fluid : Water (H20)
Nominal flow rate : 18.44 kg/min
Meter total : 7.9 kg
Error : £0.01%
Accuracy @ £0.2%

_13_




2.3 ASZA & SHEH

oA 4F719 anldEE dEE 547] (power meter) & ©]-8-3}¢]

Qe mE&els Colioris) EFE ol§@ AFAUA(mass flow
CAFFIAE Y D KET A4 (lange) 9 FEE
Z T (manifold), 2718 2% (flow tube) ©Z T4 5 o]
gJom AL AZsl= A7 A REo A= F2o| AR pick off, AR Q
A olH (oscillator) 2 €% AT FAH 9t f&=4 9= Alwnd
SRSt A= F-A7F 2R E Sgshd wjyZ oA 27) 9]

AA F$ol A8 AR pick offell date] FA7 55 w me L] 95

% 2

of 559 HEW WA AU olw YA MEES PFHO
pas

H HE o]gato] AT

Al2~E ] Yujatel F bl S SA6E7] flste] 4571 (compressor) 7T, B
ATy 47 =7, 283 27 27 42 & Y T 49 oF
H317] (pressure transducer) S AX| s}ttt e H3IL7| 9 HEO] §etoz A
A &9 F Q= BF=F S (pressure gauge) 8 ASE H=¥€S 715/A

_?«
Z3l7] 9lske] g WSy (pressure transducer) & WHAZ FA]o] AX]3FAT

M7l F9 5= Be gt ARA e AAgdA dast A

&5 T-type @AdE ARESRlTE T-type f4dd=

(+) %ol =& Cw I (m)ZFe] Cu-Nigwor FAE glow, & A At
gt Adhe] w71 0.32mme| .

=54 A= 4571 (compressor) 7, EA® dudr] /=7, 527

o} 5719 d/ZTel F-Aeta SAsilon, ArA YA Al ot} AAZE

o2 AHAFHAM Aslty. S48 2529 24443 3%tk



EE wAE oy &R WEE 245 Ad mAB AZERE 503

o AAUE dAst] 73 2EE S48 Fig. 2-5v RAR dol9

Az AlaEe] SEATELO(DAQ32)E Fate FH53sM el A%
stglon, HE5HE dHolHE AAeR HFEH TUEAAM B £ RS I3
=

Fig. 2-6 ¥ dA7olA ZF dojg A5 &l st sieFze|th. o
o] AR eNA ] FH Wste] tidt FHEES Ve Atk

Condenser outlet Evaporator inlet

_I.....I_
AN T —

50 100 150 200 250 300

Fig. 2—5 Schematics for connection of the capillary tube

_15_



SyYSLen presgure measurement System temperature measurement
plate | plate

c Cap. Cap. Eva c cap. | cap. b b
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Fig. 2—6 Flow chart for the data aquisition of refrigerant pressure

and temperature measurement
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Table 2—2 Experiment conditions

Inner dia. | Capillary Parallel | Heat source |Clooling Tank|Capillary tube
of capillary|tube length|the number| Tank Temp. | Temperature | Source Tank
tube (mm) (m) (EA) () (C) Temp. ()
10 20 30
10 20 35
10 20 40
10 15 30
10 15 35
10 15 40
6 20 30
6 20 35
6 20 40
1.0 3 35
6 15 30
6 15 35
6 15 40
4 20 30
4 20 35
4 20 40
4 15 30
4 15 35
4 15 40
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Fig. 3—1 Temperature variations of the refrigerant through

the capillary tube length at 40°C cooling water
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Table 3—1 Power variations with number of capillary tube

Capillary Capillary Capillary
tube No. | Power(kw) | tube No. | Power(kw) | tube No. | Power (kw)
(10ea) (6ea) (4ea)

10—-15-30 0.6072 O oS0 0.4691 4—-15-30 0.4395
10—-15—-35 0.7234 6—15—-35 0.6710 4—15-35 0.6050
10—-15-40 0.8243 6—15—40 0.6864 4—15-40 0.7200
10—20-30 0.6424 6—20—-30 0.5652 4-20-30 0.4225
10—-20—35 0.8149 6—20—-35 0.7385 4—-20—35 0.5371
10—20—-40 0.8426 6—20—-40 0.7873 4—-20-40 0.7361
Average 0.742467 Average 0.652917 Average 0.5767
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Table 3—2 Power variations with variations of condenser

inlet water temperature

Clooling Clooling Clooling
Tank Power Tank Power Tank Power
Temp. (kw) Temp. (kw) Temp. (kw)
(407C) (35C) (307C)
10—-15-40 0.8243 O] 5=85 0.7234 10—-15-30 0.6072
10—20-40 0.8426 10—20-35 0.8149 10—20-30 0.6424
6—15-40 0.6864 A — D 0.6710 6158 30 0.4691
6—20—-40 0.7873 6—20-35 0.7385 6—20—30 0.5652
4—-15-40 0.7200 4535 0.6050 4—-15-30 0.4395
4-20-40 0.7361 4—-20—-35 0.5371 4-20-30 0.4225
Average 0.766117 Average 0.68165 Average 0.524317
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Fig. 3-20 Compressor power consumption variations at each test conditions
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Table 3—3 Summary of test results

Test Conditions Capacity (kcal/s) Consumption Coeficiency of
power (kw) performance
4-15-30 0.1127 0.4395 1.068449
4-15-35 0.1407 0.6050 0.96913
4—-15-40 0.1336 0.7200 0.773293
4-20-30 0.1321 0.4225 1.302461
4-20—-35 0.0666 0.5371 0.516658
4-20-40 0.2065 0.7361 1.168879
6—15—-30 0.1419 0.4691 1.26085
6—15-35 0.1743 0.6710 1.082582
6—15—-40 0.1844 0.6864 1.119396
6—20-30 0.1451 0.5652 1.069336
6—20—35 0.2304 0.7385 1.299721
6—20-40 0.0851 0.7873 0.450107
10—-15-30 0.1312 0.6072 0.899975
10—-15-35 0.1639 0.7234 0.944286
10—-15-40 0.0818 0.8243 0.413583
10—20-30 0.1203 0.6424 0.780393
10—-20—-35 0.1969 0.8149 1.007075
10—20-40 0.1004 0.8426 0.49643
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