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ABSTRACT: 3D-PTV measurement has been carried out for the inner flows of a refrigera-
tor. To visualize the air flows three-dimensionally, a helium bubble generator has been used
for the 3D-PTV measurements. Three~dimensional flow field of the refrigerator’s compart-
ments have been reconstructed by the results obtained by the 3D-PTV. Measurements on the
electric power-consumption was also carried out in order to evaluate the improvements of the
flow characteristics. It was verified that 3% of power consumption was saved by improving
the flow passages and characteristics.

Key words: 3D-PTV, Refrigerator(¥§ 4 11), Helium-Bubble generator(&§ 71 ¥ A7) Power
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Fig. 1 Refrigerator model for visualization.
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Fig. 2 3D-PTV system measurement setup.

Fig. 3 Helium bubble generator.
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Fig. 5 The measurement system.
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Fig. 6 Data sampling range (steady range).

Table 1 Specification of measurement system

No Name Specifications
1 Chamber room - 30+1°C, Humidity 75¢5%
2 Chamber controller Temperature 10~35C, Humidity 60~ 95%
3 Computer Pentium IV
4 Data logger DS-600 (YOKOGAWA 60 ch), Thermocouple (T-type)
5 Power meter for A ref. WT-200 (YOKOGAWA)
6 Power meter for B ref. WT-200 (YOKOGAWA)
7 AVR 3kVA, Qutput V : 220V +2%
8 Power supply 220V, 60Hz
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Table 2 Repeatability of system operation

Items Unit | Average| Test 1 | Test 2 | Test 3 | Test 4 | Test 5

Voltage A% 222.7 2224 223.0 222.8 222.7 222.6

Power at comp. on w 184.2 183.9 184.0 1845 184.4 184.3
Power at comp. off W 254 254 255 25.1 254 255
Accumulated power Hr 10.7 10.7 10.8 10.7 10.7 10.7
Ave. temp. in chamber room C 30.3 30.2 30.2 30.2 305 304
Ave. temp. in freezing room T -181 -181 -181 —-181 —181 —181
Ave. temp. in ref. room T 2.5 25 26 2.6 25 25
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Table 3 Reproducibility of temperature measurements (C)
. AVG Person 1 | Person 1 | Person 2 | Person 2 | Person 3
Measurement points

Comp-on | Comp-on | Comp-on | Comp-on | Comp-on | Comp-on
F-room shelf (Upper) - 156 —155 - 15.6 -156 —156 —15.6
F-room shelf (Middle) -17.0 -169 -17.0 -17.0 -17.0 -17.0
F-room shelf (Lower) - 178 -178 ~178 -178 -178 -178
R-room shelf (Upper) 3.0 3.0 3.0 3.0 3.0 3.0
R-room shelf (Middle) 25 2.5 25 25 25 2.6
R-room shelf (Lower) 2.5 2.5 25 2.4 2.5 25
Chamber inner (1) 305 30.2 30.2 30.8 306 30.6
Chamber inner (2) 30.1 29.8 29.8 305 303 30.3
Chamber inner (3) 312 309 309 316 31.3 313
Chamber inner (4) 31.0 30.7 30.7 31.3 31.2 31.1
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Fig. 7 Procedure for power saving improve-
ments with 3D-PTV and power test.

Table 4 Elements for improvements

Elements
Passage shape, size

Part name

Eva room

Freezing room (F room) |Air inlet size, location

Refrigeration room (R room)| Air inlet size, shape

Table 49 YdH} %ol YA FYH
Aol FrAde WrsRe Ay B ¥4, 4
54 979 27 2 ¥4, ¥3E 3H9F
9 2y 4 FALE HUALALR 3o 2FHSE
Hrtdozn AMdsE AL FRhsHd

3D-PTV &AL &3 9d9 Atg 125
BEA A F, SR 3719 Aukra UyolA
F 3 H

3. AdEdn
3.1 30-PTV £EZX

Fig.8& 71&Ed9 F¢dwrel F vzl
g F4S JeEbdTh Fig. 99 (@€ °1& F 7t
mgtel 94-& 3D-PTV Alite] H-g38ta] dojdd
33 €A £EFE detdied 3 FAHo=
50078 AFe) £=WEsE Ao AA At (b)E °l
E 33 SAEEEE o839 ARZeE B
P Rg £eFoeiy dojd &4 3A44d ¢

\Jml

P

rE



1150 U7 =98 - 44 -8

RLERE U R R L

(a) Camera 1 (b) Camera 2

Fig. 8 Raw image viewed by the two cameras

for the middle shelf.
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Fig. 9 3D-PTV measurement results.
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Fig. 12 Turbulent intensity distribution (u’).
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Fig. 13 The airflow flux in each component.
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Table 5 Measured temperature on various models (C)

I Basic Modified Modified Modified Optimal
tems
model eva room passage F panel model
F-room 1/3h -182 —-176 -184 -18.0 =177
R-room 1/3h 25 1.9 22 2.2 18
Chamber inner 305 30.0 29.8 30.4 30.2
Operation rate (%) 56.0 53.1 54.3 55.6 535

Table 6 Power consumptions on models (kWh/Month)

Items

Revised model

Basic model Revised model Saving Reduced rate (%)
Modified eva room 327 80.6 21 1 24 1
Modified passage 821 81.1 10 | 12 |
Modified F panel 837 82.8 09 | 11 1
Optimal model 832 80.8 24 | 29 |
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