creative
common

C O M O N § E E D
& X EAI-HI el Xl 2.0 igel=
Ol OtcHe =2 E 2= F R0l 86tH AFSA
o Ol MHZE= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok §LICH

MNETEAl Fots BHEHNE HEAIGHAHOF SLICH

Higel. Adt= 0 &

o 7lot=, 0l M= MOISOILEBHES B2, 0l H&E=0 HE= 0
S Tt LIEHLHO10F S LICH
o HEZXNZRH EE2 oltE O 0leiet 2AE=2 HEBX E&LICHL

AEAH OHE 0lSXAt2 Aeles 212 LSS0l 26t g&

712 (Legal Code)E Ololiotl| & £

olx2 0S5t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

ol

S A A

el

AEY EF}o|TE o] 43
9% Az7) WY 35
R B i e

20143 2¢¥



9% Az WY 35

]

opl
—1

2

2014

B-



2014




ABSTRACT -+vseveevseessesssssesssrsssssessssssessssssssses s sses s ssesssssses s e sssse s I
NOIENCIALUTE +++++vsersressersessssssessesssssisssessssss et ssssaes s s sss s e s s sa s ss e saens I\
LISt Of FAGUI@S - ereeeessseeeseesssseessesisssitisiasiss s v
LiSt Of Tables wwswssreeeeessssereseeissssisesiaiissse s VI
Al 1T A AR i i s 1
1.1 QAU A e B eeeseesfceissennn e N Mo 1
IR s £ o (TN g e NN Sl = 1, VORI 9
A 2 A Pizsd= - CENET Bee 3
9.1 "G & vlo| Yk TN B A ... L e 3
9.1.1 PHEBSA =0 5 il “uk. S L T e 3
2.1.2 PHP®] SFAZEL 95k 17 AFZFAL At it 14

22 oE8AZYY 2z TF B H BB 16
.3 A FY G T e 19
231 SEA T ZIFT| O] TEE s 19
2.3.2 B EFO|IZ o] 88 LFA] O T ZIFT| e 21
2.1.1 PHP @At e wj7]g 3|53 Als AT 23

A 3 A AT AR W OHFH e 25



27
30

s
=0
JoH
<

31

32

PHP?] “d*s H|aL

=
T

fyo]

ﬁ
=
ﬂr_wO

34
.34

38
42

T
B
ﬁO

46

7(.]] 5 7§' g%

B
it

|
e



Study of Exhaust Heat Recovery System of Clothes Dryer

using Pulsating Heat Pipe

Yeon U Gu

Department of Refrigeration and Air—conditioning Engineering,
The Graduate School of

Pukyong National University

Abstract

Currently, Usage “of clothes dryers is vincreasing in worldwide
because of reduction of~sunshine ‘and -the busy life of modern
people. In the United States, already in 2009, 80% of households
use a clothes dryer. In the case of Korea, penetration rate has
shown a growth rate of 2% per year and 10% of households use a
clothes dryer. So high-efficiency clothes dryer is required. The
biggest of energy loss in clothes dryer is heat of exhausted air

after drying and it is 57% in total heat loss. It is useful to recover



waste heat of exhausted air. In this study, we use pulsating heat
pipe (PHP) for exhaust heat recovery system (EHRS) of clothes
dryer to reduce energy consumption for air pre-heating before heat
source.

Flat tube heat exchangers is used to PHP for EHRS of clothes
dryer. and one of them is no fin in evaporator section in order to
prevent contamination from condensate and lint of laundry. R-134a
was used as working fluid

Three experiment was performed in this study. first experiment is
to search for optimum charging ratio of working fluid in PHP with
no fin in evaporator section. In experiment result, optimum charging
ratio of working fluid 1s 40% of the total volume.

Second experiment 1s performance of PHP according to! presence
of the fin i evaporator section. Performance of PHP with all fin is
higher than performance of PHP with no fin. And in the titration of
fin pitch, it is possible to-avoid to condensate and-lint problem.

Lastly, third experiment is an-experiment of PHP according to the
number of inner flow channel of flat tube heat exchanger. In this
experiment, performance of PHP was evaluated in difference of
hydraulic diameters in same size of flat tube heat exchanger. One
of the flat tube heat exchanger has 25 channels and hydraulic
diameter is 1.02 mm. The other has 32 channels and hydraulic

diameter is 0.84 mm. PHP of 25 channels with a large hydraulic



diameter’'s performance was better than PHP of 32 channels’s
Considering these results, It is possible to recovery and re-used

the exhausted heat of clothes dryer using PHP.




NOMENCLATURE

Symbols

OA
SA
RA
EA
COND
EVA
v

R
Tinlet

Toutlet

C.R.
Dn
ch

cond
eva

Out air

Supply air

Return air

Exhaust air

Condenser section of duct
Evaporator section of duct
Air velume

Thermal resistanve of PHP
Inlet temperature

Outlet temperature
Charging Ratio

Hydrauric diameter
Number of inner channel in
flat tube heat exchanger
condenser section of PHP
evaporator. section of PHP

Greek symbols

n Efficiency
o Density of liquid

P,  Density of vapor

v Coefficient of viscosity
o Surface tension

_|\/_

[CMM]
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Table 1 Generalized results of experimental compatibility tests

Working Fluids

Compatible Material

Incompatible Material

Stainless steel, Copper,

Alumi ,
Water Monel, Silica, Nickel, LT
L Inconel
Titanium,
Aluminum, Carbon steel,
Ammoni C
oma Stainless steel, Iron, Nickel, Opper
Stainl teel, Iron, C T, .
Methanol am ?%S ° e,e Ot -OPbe Aluminum
Silica, Nickel, Brass
Stainless steel, Aluminum,
Acetone e :
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 e o
Molybdenum; ;\Niobium Inconel, Titanium
. Stainless-steel, Nickel, o
Sodium L. Titanium
Inconel, Niobium
Cesium Titanium, Niobium
Molybdenum, Nickel, In 1,
Mercury Stainless steel Y . .co.n ©
Tantalum, Titanium, Niobium
Stainl teel, Nickel,
Lead Tantalum, Tungsten an eSS, S .ee I,C e,
Inconel, Titanium, Niobium
Silver Tantalum, Tungsten Rhenium
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Table 2 Working fluids and temperature ranges

Melting &

rithmi rkin il . ritical Point, seful es,
%g;gn?:). 1:Scal(é V\I]*“(iuidsg Boﬂ;?gngrrrl::, K Ig écl\e/llPa(%b;) v é{ang
Helium 1.0 & 4.21 5.2 & 0.227 2 ~ 4
Hydrogen | 13.8 & 20.38 | 33.19 & 1.315 | 14 ~ 31
Cryogenic Neon | 24.4 & 27.09| 445 & 0.018 27 ~ 37
Temperature._Nitrogen | 63.1 & 77.35 12619 & 3.397 | 73 ~ 103
Argon | 83.9 & 87.29 | 150.66 & 4.860 | 84 ~ 116
(0~200 K) [ Oxygen |54.7 & 90.18 | 154.58 & 5.043 | 73 ~ 119
Methane | 90.6 & 111.4 | 190.55 & 4.595 | 91 ~ 150
Ethane | 89.9 & 184.6 1-305.53 & 4.871 | 150 ~ 240
R-11 162 & 297 | 470.96 & 4.407 | 233 ~ 393
R-22 - |113.1 & 232.2] 369.17 & 4.990 | 193 ~ 297
R-134a ) 18070 & | 372,03 & 4,056 | 213 ~ 300
R-141b [253] & 3802:.0] 423.01 & 1.817 | 253 ~ 420
R-142b |223] & 263.3) 398.07 & 3.371 | 223 ~ 373
Low R-290 |123| & 231.1] 369.70 & 4.248 | 200 ~ 330
Temperature| Ammonia |195.5 & 239.9/402.22 & 11.333] 213 ~ 373
(200~550 K)|_ Ethanol [158.7 & 851.5| 513.9 & 6.14 | 273 ~ 403
Methanol. | 175.1 & 337.8] 512.6 & 8.09 | 283 ~ 403
Acetone |180.01& 329.4] 508.1 & 4.70 | 273 ~ 393
Water  |273.1'& 373.1/646.99 & 22.064| 323 ~ 473
TFoluene |178.1 & 38371 591.8 & 4.10 | 323 ~ 473
Naphthalene| 353.4 & 490 748.4 & 4.05 | 408 ~ 478
Medium Dowtherm [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
(750~3000 K)[ ™ Tead |600.6 & 2013 - 1670 ~ 2200
Silver | 1234 & 2485 - 2073 ~ 2573

_11_
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Table 3 Inner diameters(mm) for stable operating of PHP

Chandratilleke et. al.

D=(1.5~2.0)\ m

Akachi et. al.

ol gL
24 Py

Nishio et. al.

o
D<1.84)\ 2(p,—0,)

Temp.
283 303 333 353 283 | 303 | 333 | 353 | 283 | 303 | 333 | 353
K
4.1 4.1 3.9 3.8
H20 [ { 56 "84 5.2 | 5.2 51 | 5.0 | 4.8 | 4.7
D.0 5.4 [ 5285
b 9/ 2.7 2.6 2§
Ethanol| | s 36 36 |34 3433333232
3.6 3.6 |77 35| " 34
1.9 1.8 1" 1.6
R141b Ly 2.4 2.2 |#2.2 | B4 2.0 12020
T 96| T 2417 22| 7 21
1.7 .5 1.3 -2
R142b ER .U 1.8 1.4 2.0 19 |16 | 1.4
T 227 20 ML 18
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Fig. 21 Photograph of.experimental set—up
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Fig. 22 Schematic of experimental set—up
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Fig. 29 Thermal resistance of experiment (1)
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Table 5 Result of experiment (2)

Fin of
C.R. Veond it Tcond,out R
evaporator

0.5 836 41.3 10.52
1.0 76.7 39.7 10.50
0 1.5 68.4 37.8 11.36
2.0 59.7 35.7 12.16
2.5 56.8 35 12.15
40% 3.0 52.4 34 12.67
0.5 66.4 37.3 24.37
1.0 56.4 35 21.55
X 1.5 46.6 33.2 22.45
2.0 39.3 31 21.92
2.5 35 29.5 21.82
3.0 31.5 28.5 20.40
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Table 6 Result of experiment«(3)

Ch X W-gnd 1 4(%) WGt out R
) 34 41.6 4,124
1.0 81.6 41 2.227
1.5 76.4 39.5 3.920

25 40 2.0 70 38.1 2.378
2.5 66.8 37 2.578
3.0 67.2 37.3 3.021
0.5 84.3 41.7 19.75
1.0 80.6 40.5 18.44
1.5 76.1 39.3 19.86

32 40 2.0 70.3 38.4 16.33
2.5 69.2 37.8 14.90
3.0 62.5 36.2 16.87
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