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Study for defrost of evaporator using

Bubble Jet Loop Heat Pipe as a defrost device.

Jong—-Ho Hwang

Department of Refrigeration Engineering,
Graduate school,

Pukyong National University

Abstract

One of the problems in a -refrigerator operation is the frost
formation on a cold surface of the heat exchanger. The frost layer
1s formed when the water vapor meet cold fin & tube which lower
than freezing point. This frost layer is wusually formed in

evaporators and the frost layer on the surface of a heat exchanger



will make side effect such as thermal resistance, air volume, fan
motor performance and so on. However, This important factor
needs to be studied and improved.

This study shows a comparison between conventional electric
heater and Bubble Jet Loop Heat Pipe as a defrost device in
evaporator. They are compared in 4 factors of FEvaporator
temperature, Air temperature in the chamber, Heater temperature,
Electricity consumption. The evaporator applied Bubble Jet Loop
Heat Pipe shows low temperature variations in evaporator and air

temperature in the chamber and low-electricity. consumption.
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NOMENCLATURE

Symbols
A Evaporator surface area
P Electric power output
Ta Ambient-air temperature
T Fin temperature in evaporator
T Tube temperature in evaporator
qr Heat Flux

Greek symbol

a Charging rate of working fluid

Subscripts

BJLHP  Bubble Jet Loop Heat Pipe

[m?]
(kW]
[C]
[C]
[C]
[W/m®]

[Vol.%]
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Fig.2 Temperature profile for 309 of refrigerant charging ratio
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Table 1 Working fluids and temperature ranges

. _ Melting & N .
Logarithmic | Working Boiling Point. K Critical Point, Useful
Temp. Scale| Fluids Hing Fo K & MPa(abs) | Ranges, K
at 1 atm
Helium 10 & 421 52 & 0.227 2 ~ 4
Hydrogen | 13.8 & 2038 | 33.19 & 1315 | 14 ~ 31
Cryogenic Neon 244 & 27.09 | 445 & 0.018 27 ~ 37
Temperature Nitrogen | 63.1 & 77.35 | 126.19 & 3.397 | 73 ~ 103
Argon 839 & 87.29 | 150.66 & 4.860 | 84 ~ 116
(0~200 K) | Oxygen | 547 & 90.18 | 15458 & 5043 | 73 ~ 119
Methane | 90.6 & 1114 | 19055 & 4595 | 91 ~ 150
Ethane | 89.9 & 184.6 | 30553 & 4.871 | 150 ~ 240
R-11 162 & 297 | 470.96 & 4.407 | 233 ~ 393
R-22 1131 & 232.2 | 369.17 & 4.990 | 193 ~ 297
R-134a |169.70 & 246.3| 374.03-& 4.056 | 213 ~ 300
R-141b- | 2531 & 302.0 42301 & 1811 | 253 ~ 420
R-142b |223] & 263.3[39801 & 3.37 71| 223 ~ 373
Low R290 | 123] & 231.1] 369.70 & 4.248 | 200 ~ 330
Temperature| Ammonia | 19556 & 2399 | 402.22 & 11.333 | 213 ~ 373
(200~550 K)|_. Ethanol | 158.7 & 3515 | 5139 & 6.14 | 273 ~ 403
Methonol |'175.1 & 337.8 | 5126 & 8.09 | 283 ~ 403
Acetone | 180.0 & 3294 | 5081 & 4.70 | 273~ 393
Water | 273.1 & 3731 | 646.99 & 22.064 | 323/ ~ 473
Toluene | 178.1 & 3837 | 5918 & 4.10 | 323 ~ 473
Naphthalene| 3534 & 490 | 7484 & 4.05 | 408 ~ 478
Medium | Dowtherms| 285.1 & 527.0 ~ 423 ~ 668
Temperature| Mercury | 234.2:& 630.1 - 523 ~ 923
(550~750 K)| Sulphur | 385.9°& 717.8 - 530 ~ 947
Cesium | 301.6 & 943.0 - 723 ~ 1173
High Sodium | 371.0 & 1151 - 873 ~ 1473
Temperature Lithium | 453.7 & 1615 - 1273 ~ 2073
Calcium 1112 & 1762 - 1400 ~ 2100
(730~3000 K| T ead 600.6 & 2013 - 1670 ~ 2200
Silver 1234 & 2485 - 2073 ~ 2573

_14_
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Table 2 Generalized results of experimental compatibility tests

Working Fluids

Compatible Material

Incompatible Material

Wat Stainless steel, Copper, Monel, Aluminum,
ater
Silica, Nickel, Titanium, Inconel
Alumi Carb teel
onia .ummum, arbon s .ee, Copper
Stainless steel, Iron, Nickel,
Stainl teel, Iron, Co
Methanol .e.ss S e.e, ot ~OPBEL, Aluminum
Silica, Nickel, Brass
Stainless steel, Aluminum,
Acetone o .
Copper, Brass, Silica, Nickel
R-11 Aluminum
R-21 Aluminum, Iron
R-22 Aluminum, Copper
R-134a Aluminum, Copper
Heptane Aluminum
Dowtherm Stainless steel, Copper, Silica
L Tungsten, Tantalum, Stainless steel, Nickel,
Lithium ! "
Molybdenum, Niobium Inconel, Titanium
) Stainless steel, Nickel, .
Sodium T Titanium
Inconel, Niobium
Cesium Titamum, Niobium
Molybdenum, Nickel,
Mercury Stainless steel Inconel, Tantalum,
Titanium, Niobium
Lead Tantal T . Stainless steel, Nickel,
a an ungsten
i, tune Inconel, Titanium, Niobium
Silver Tantalum, Tungsten Rhenium

_16_
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Photo.1 Photograph of experimental apparatus.
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Table. 3. Specification of Evaporator

Cooling Coil 715.88 , 4R #13S * 800EL
Fin Pitch 3.5mm

Pipe Pitch 33 * 38mm

Propeller Fan

2400, 0.1kW #* 6P * lset
Air Volume 60CMM
Transfer Area 14:48m°

Fan Motor Set
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Photo.2. Photograph of Evaporator

_22_



313 4988 AY 3H

=

dut A7) 37 AgE S]] 49 Heater & Body 0.7kW * 4EA

9} Drain 09kW = 1EA7} AF&E 93, BJLHP7F H&® Z7)
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&5 AT
BJLHP & % 2702 FA=™ 7|8 e A 22 3ol 91X 3ot
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Table 4. Specification of BJLHP

RGOV ol ST

Type Loop Cartridge
Length (mm) 2300 76
0.D (mm) 15.88 20.5
Material Copper SUS304
Capacity 380V , 0.25kW
Heat Flux
51.08

(kW/m2)
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Photo.3. Photograph of BJLHP applied to Evaporator

Photo.4 .Photograph of Evaporator applied Electric heater and BJLHP.
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Fig.11 The change of Fin temperature by Electric heater

_31_



Temperature (°C)

60

Fin 1

................ Fln 2

Fin 3

40 Fin 4

— — —- Fin5

——————— Fin 6
20 A
0 -
-20 1

'40 T T T T T T
0 200 400 600 1000 1200 1400
Time (sec.)
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