4 - = 4 = 1 o 1 kY
TOIFONINENTUNHE ﬂ'iil’c‘f‘illﬂﬁmtlTﬁmﬂ’J’liJ‘SE)u‘ll‘éNﬂ‘E)ﬂ’J’lﬂJi@u

mos 1u'lsvou Taeldndumitodeg

n°‘ =1 ot

ey WUATHANA #3350
WSan Aranssurneaas uituda Granssuasosna)

¢ =) o d =) = < L4
mm‘mﬂﬂ?ﬂm'mmuwuﬁ HALAT. 3101790 ’N‘H’Q”Jﬁim

¥ T
unnaeme
aw o d = 1 o ) o 4

mtelidunsinumamumsoomanudouvestonnueumed Ty lewe
VoAl 1 ] A = 9 o W = o) as 9/
nemyILaznque (nsewanildsunnuiow) Tavldadugani Tadadudinsedums

o 1 = ) 3 - 1
weamsihnuneluneldifiadsdu lumsnanesssfnumginssunisdemaieuvos
] o ] e A kY = kY [}
neme lulavowuuuvedefiiszuuniuganilafiadsenon uazadrawusd i
= 4 v o a & ] = 1 o
AaamdasuesndulsedniniswinnuieuvesmsidoalunevSnadiuiisuime
uuuﬁmmﬁ"lﬁ'iﬁff’tﬂdjuuiﬂistﬂﬁuﬂauﬁqmaﬁﬁaﬁ'lmtuﬂ16’@mﬂ‘ﬁdwmmm%’ﬂu“luqﬂﬂmf

wanilFeunnuouuuvisanuoumed Ty lawWou

msnansuuuveRd lreniuioumed Tulereufinidonesuns auedury
gudnatanioly 0.029 m w1 00012 m dawezideuninei 0.52 m drufszmonazdu
AIVUUNEI 0.16 m ”l.%'ifruﬂuwde“lﬁ’ﬂ'am%’au‘!wﬁaaqmﬂgﬁ 35°C-65°C uagszu1eAY
%'auu?nmdaummtﬁuﬁqmﬂgﬁﬁy‘lﬂaﬁ 5°C  wamevmshnuluviemes lulavowu 3
Usgian e 11 028 Tau uazmmiuea BATINM TIANA1TN19U 50% voedrutiszing #2

] E ) ]
dutianauganiiladadadeuSnudanvesdiuiisemelaodudanaulugaeannyd
8 kHz -14 kHz

= 9 1 o 1 = ] 2 [ =
wam"lﬂmnmimamwamasTn"l,emammu'ﬂmﬂm wmmauaamﬂmuﬂmmm

q

] ¥
tudnTImsmemanydoulumes IulyWoudsz e 20%-60% Juduriiaasvaulusie

= 1 {4 = 1 y =] al
gangiunasldnnuon uasaiudedugani Tadin Tasnnwuiadu 8 kHz dunwad



mimzauiigadmiviildldaou snnanisneasddinausuuuiaosndamansves
o 1 ¥ ﬂlﬂ'd o e = A o
PATIAINTENI N Nusselt number as@ifivoufunsdl lulissuvganiiTaiia Faaziild

oo a e 1 = ] @ ar e
nudmdudseinimsmnnudouvesmsidon lurousa g s Emes 1

Nuul =C( f JCI( ‘Pr ]Cz
Nuna,u! ° f max P, atm

" ¥
TagA1nafl Cq , C; , Co voeenTianni1 Ao 0.162 , 0.426 waz -1.676 AMNE IR vodans

Mamesdlau fie 1.577 , 0.138 uaz -1.208 ¢ udIdU LaZv8IasHINUUNINOE A0
1.403 , 0.234 uag -1.003 audiay

duy v o A = o tor ¥ ¢

wad Idnnmsdnnmaussauzniomannffouanuiounvunguieanuieoumes

Tu ooy wudwaugant Twdasansamudasrmsoramanudouveunsouanlaoy

{ o - :’ '
anwdounvumes Tu'lavou AlFasiouluvodutisena 9.60%-14.63% dauais
kY
Wavesd Iauuaziunivonilssna 7.63%-23.91% wennnilguvgivud1vosernia
] ] a ] !
nszuadouiiuiuzilfifadasinisaemarueudindualseuia 13.229%-42.60% de
& ) 1 = kY - & g ] 3 o 1
MINNgunQll 5°C daugungivudivesemanszumdunuiuozirlddansoiom
' a

anudeuanadtlssua 11.43%-20.40% Aonaifinguugil 5°C wenniisasims maves
£ 4 ] 1] ]

vadesnssuaminuz Idsannmidwmanuieuiinfiqe uazidiesnsinis lnaveseimeansy

i oW A y Q @ T a .&’ ]
ua¥ou nssuemduiivhdudiuTuegiisasnisaomanuewiudy 30.45%-61.40% fe

Msydas 1T tva 0.1 kg/s

bl

1 ) A 3! = 9 A 8w ¥ 9/ = 1
aglldhmshaduganir lafinnldiedindasimsdomanudouniind

[
ol g

' 4 oy = o e [
seimyvosviemod lulawouiildih exdlau uazwnmea dumsinulurisgungiindg
aiyaendszine 5°C aunsmiudaimsaemanyiouldetdmon Taldsidanu

9 r
19 I A8 5% vossasimisaiemanuiowmniy Teedisasrdiundinuanudeui

a9 1d89 20 whiianud 8 kHz veswdsi1u Iidfisreldeand Isilnuaznanisdiui

q
(]

2

= [~ ) ar 1 1
ugashnsdszgnd ldgani Tedafianudu iU 1ddmsuessunnnlfouanudousvunga

omes TulavlouTasmniz luggamgivhau 35°C-65°C



Thesis Title Heat Transfer Enhancement of Thermosyphon Heat
Pipe by Ultrasonic Wave
Author Mr. Sirisak Sriwichai
Degree Master of Engineering (Machanical Engineering)
Thesis Advisor Asst. Prof. Dr. Wipawadee Wongsuwan
ABSTRACT

The research aims to increase heat transfer rate of a single thermosyphon and
tube bank of thermosyphon in heat exchanger using ultrasonic wave. The wave
enhances better boiling process of thermosyphon working fluid. Experimental study is
carried out to show influence on the heat transfer rate when applying ultrasonic wave.
Experimental results are used to develop the empirical model of convective heat
transter coefficient for boiling process (he;) at evaporation section. The model is
integrated to the simulation program to predict heat transfer rate of a heat exchanger
of thermosyphon type.

Experimental set up is composed of a copper thermosyphon having 0.029-m
inside diameter, 0.0012-m tube thickness, 0.52-m adiabatic section length, 0.16-m
evaporator and condenser sections lengths. Water is used as heat transfer fluid for
both hot and cold sides. Hot fluid temperature is varied between 35 °C to 65 °C, and
cold fluid temperature is controlled constantly at 5 °C, Three types of working fluid in
the thermosyphon are tested: water, acetone and methanol. Filling ratio is almost 50%
of evaporator section. The ultrasonic gencrator is installed below the evaporator
section creating ultrasonic wave between 8 kHz to 14 kHz.

Experimental results of the single thermosyphon showed that the ultrasonic
wave increased heat transfer rate of thermosyphon by 20% to 60%, depending on (1)
working fluid type, (2) temperature level of high temperature source, and 3)
frequency of ultrasonic wave. The most applicable ultrasonic frequency is 8 kHz. The
mathematical models of the ratio between Nusselt number having ultrasonic (Nuy)
and without ultrasonic (Nup, 1), to predict the convective heat transfer coefficient for
boiling at evaporator section, were developed empirically for three working fluids in

the following form:
Nuno,ul ° fmax Patm




Where, Cy, C; and C; of water are 0.162, 0.426 and -1.676 respectively,
those of acetone are 1.577, 0.138 and -1.208, respectively, and
those of methanol are 1.403, 0.234 and -1.003, respectively.

The predicted results from simulation program of thermosyphon-heat
exchanger showed that ultrasonic enabled increasing of heat transfer rate of the heat
exchanger, especially in case of water working fluid. Heat transfer rate of water
thermosyphon was increased by 9.60% to 14.63%. However, the thermosyphon heat
exchanger using acetone and methanol working fluid was increased their heat trasfer

rates by ultrasonic about 7.63%-23.91%. If the inlet temperature of hot air stream was

raised by 5°C, the heat transfer rate was increased by 13.22%-42.60%. In contrary,
increasing of cold fluid inlet temperature about 5°C reduced heat transfer rate by
11.43%-20.40%. The highest heat transfer tare was achieved when both hot and cold
steam had similar flow rate, and each of 0.1 kg/s increment resulted in increasing of
heat transfer rate by 30.45% to 61.40%.

In summary, the ultrasonic wave can obviously increase heat transfer rate of
thermosyphon using water, acetone and methanol working fluids, in the operating
temperature approximately 5°C below their boiling points. The power supply required
for ultrasonic generator is only 5% of heat transfer power. The energy ratio between
amount of thermal energy transfer and electrical energy input to ultrasonic was
approximately 20 time in case of 8 kHz wave frequency. The calculated results
showed that ultrasonic is appropriated to tube bank thermosyphon-heat exchanger,
especially in the operating temperature between 35°C to 65°C.



