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ABSTRACT

This research was conducted to test and predict the performance of thermosyphons that used
high-density polyethylene (HDPE) pipes as containers. The working fluids used were R113 and
R123 with 50% of filled charge. The experiment was separated into 2 categories, which were the
test pipes and the samples. The length of the test pipes used were 400 mm with the inner diameter
of 15 mm and the thickness of 3 mm. The evaporator sections were heated by hot sand at the
controlled temperature of 40, 60, and 80°C. The condenser sections were exposed to the
environment in order to release heat by free convection. The samples were submerged into 150 cc
of working fluids in the glass bottles which were heated in the hot sand at the same temperature as
the test pipes. The test pipes were used to investigate the generation and accumulation of the non-
condensable gas, the tensile strength, and the creep of the pipes. The samples were used to study
the compatibility of the pipes and working fluids and the tensile strength of the HDPE pipes. The
operating time was 15000 hours. It was found from the experiment that the accumulation of the
non-condensable gas were the cause of the temperature drop at the condenser sections during the
first 1000 hours of testing time. This temperature drop then tended to level out until the end of the

experiment. The cause of the generation of the non-condensable gas was the incompatible between



the working fluids and the pipe material under operation, which decreased the tensile strength of
the pipes from 11.25 MN/mz, to 8.0-8.5 MN/m”. Tensile strength was dramatically decreased at
the first 1000 hours then tended to level out until the end of the experiment. Due to the higher
stress in radial direction, the creep of the test pipes in the radial direction were higher than those in
the longitudinal direction. The creep of the test pipes with R123 as the working fluid was lower
than those with R113 as R123 was more compatible to the HDPE pipe than R113. The
performance prediction could be established by accelerated life test and using Arrhenius approach.
The results of the prediction showed that the performance of the HDPE thermosyphon decreased
from 22 watts to approximately 18 watts, over 15000 hours of operation, which closely correspond

to the result from the life test experiment.



vi

A A A A ¢ o 7
BOAUIDIINYTIHUNUD NITNATDUUAZNIUIYTUTTIDUS GIJENLWJ‘JTSJUMW’EJM

A A
UUUIDYAND

[ J
Q!"?]ﬂu HWNHHNINT  UANTIUNT

g

A a 4 = a a A
ﬂiiyillu'l IAINTIUMAATAYHUUNA AFINTTUATDING)

d' = a a J
ﬂm%ﬂiiﬂdﬂ1§ﬂﬂiﬂ‘ﬂ13ﬂﬂ1uwuﬁ

1Y <
HEL AT, ANIINT ANAINYS UseHUNTINMT
a s
A.a3.  szAny  meana NIIUMT
5. Az qa3ana NTINNT

Prof. Dr. Yasunori KOBAYASHI nN35UN19

a Y 4 a J
A7. Yoziiun IYTITIN NITUNIT

UNAAEID

aAa sa = = Y o J Hq 9
QuRiwus AnyudeanumInadeunaziineaussous veunes lulavleunlsd
2 1 [ ' o 4 0o 4
Twatenauanuruuiuguiuieussy ssiinunldfoasiugu R113 taz R123 414

Y 1 a a 1 o (] ' ' 1
BRI 1AIUNIIAY 50% veullSinasdruiisgie mInadouuailu 2 nqu Avnguienadel
Y v
HAZNEUFUAIE 1 nguenadonlEneNin11ue11 400 Taawas uazivuraduniu
4 Aa A Aa A [l o o
quinanimelu 15 Tadwas wun 3 Jadwas druiiszme ldsuanudeunnnitedon Taol
mMInuAuguMrgiaIutiszie 130 40 60 uaz 80 v usaIFed daualuniulaoeg

] Y
V3THIMANDIZU18AN5 0 U TAINMTNIANUS DUV UTITUHIA A1HTUNGUTUAI0813 18

[

Y [ ]
V359FUAIed s luvaud ftiansiieu 150 dadaas udwslunsredounguugieiu

QU

Y 1 1 1 3 a % Y { 1 1
NUNQULIN ﬂQN°I/IE)‘VIﬂﬁﬂﬂuui%ﬁﬂﬂiwﬁﬂﬁlﬂmmgfﬂiﬁgﬁ'iJ@l’J‘lJﬂQﬂT“IfﬁuliJﬂ’JULmu 737U

I~ 1 1 1 Qy [ [l [ o [
Lléllx‘lllﬁx‘lﬂa"lﬂlmgﬂ'l'iﬁ‘UGUEN‘VI'ﬂ ﬁ'JUﬂZ]‘JJGIfuﬂ'J@ﬂ?ﬁclslsf)ﬁﬂy']ﬂj']ﬂlslshﬂullﬁjmﬂﬂﬁ”lﬁ‘ﬂ']\‘]”luﬂll

[ 1 =

< @ ' o
IAANDUASANHIANULUUIULITINAINUDIITAND 5$ﬂ$l3a1ﬂ151ﬂﬂﬁﬂﬂi'}]3~lﬁﬂ 15000 slf'JIlN N

a

a

v 4 ]
miﬁﬂym‘1J:nmiﬁzﬁuﬁ’mmﬁ’wﬁ‘lm’muuuﬁumwalﬁ}qmw{]mﬁmummmuaﬂm
@ A

v k4 [ 9 1 9
Tue29 1000 42 Twausn Mmiudiuur Tduasiouduganisnaass Famah liaruwiuivna

]
1 a0

Y o " Y 1 o 1Y 1 =2 T Yo g 9 o
ﬁnﬂﬂ’NiJlflJWﬂuhlll]lﬂiSWTJN?TﬁVIN"ILlﬂ‘UVI@‘]Jiﬁi]‘ "]NE‘NNﬁi‘ﬁ?ﬁﬂ‘ﬂi%‘ﬂWﬂﬂﬂiii]llﬂ"lﬂ’ﬂll

Q



vii

<3 VAo n ¥ o 2 I 2
HYAsInaINanadInnaIngd luldiinmsnaaon 11.25 MN/m® 19y Useunar 8.0-8.5 MN/m
1 3 1 3 [] M) o 3 {
TaganNuIYsInaINanaI0e1933a52 11929 1000 2 TuauINYDINITNINU INTUTIAIN
A 1 a o A v A 9 v AA
MIAVVINDNATDUILNA TUHUITANVINAN IULUILN WL 991 AR Y TuLUI AT AN
1IN IaEINu NeAUsTYEIhIu R123 azilidasimsnanmsautioonimefussy R113
d‘ = Y o 9 o = 1 o o
15199910 R123 A0 U a0 Unean31 R113  MInineaussouzuounes 1 levouuuy

A qg/l o P4 ' o Y a 4 Ja
DYANDUU ’cﬂiﬂimﬂ1l1ﬂiﬂﬁlﬂﬁ‘1/lﬂﬁﬁlﬁlmﬂﬁQ?Jwﬂﬁ%%ﬂulm’J’JmiWWWﬁiﬂﬂi‘lﬂﬁﬂﬁ

a o

I A 2 J [ F qul o I
AUATIEUUDIDTILUIT BINUIANTTOUSNITTINTUANNIOUUUIZAAANIDN 22 ’mm“lﬂnJu 18

v

L, 2 y g 4 aw
Sad lagtlszuna tiaiinmanaaen luda 15000 $2 109 Fawan laaeandouiluod1aany

‘U’E]llaﬂﬁ‘iﬂﬂﬁﬁ]ﬂﬁllgfi]”lﬂﬂﬁ‘ﬂﬂﬁﬂﬁBWEJﬂﬁbl%}ﬂuLmU‘ﬁiillﬂ”l

U

A



