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Abstract

In this research study, different methods of heat transfer enhancement have been developed in

different thermal applications which are :

Use of Electro hydrodynamics, EHD in thermal equipments.

T o

Design of heat exchanger for reducing accumulated heat in paddy silo.
¢.  Thermat management of air cooling for electronic chips.
d. Enhancement of heat transfer inte ground

e. Enhancement of heat transfer in adsorption energy storage.

Use of EHD in Thermal Equipments

Electric field can exert forces onto fluid particles close to the heat transfer surface of thermal
equipments. The fluid boundary layer is disturbed thus higher heat transfer could be obtained. The heat
transfer coefficient depends on the electric strength, electrode positions, and fluid velocity. The power
supplied used is very small compare with the exira heat rate obtained.

in this study, the EHD is applied into the air flowing thorough tube banks and rectangular
channels. The study is carried out by using computational fluid dynamics, CFD and experimental

methods.

Design of heat exchanger for reducing accumulated heat in paddy silo.

In a paddy silo, there is heat accumulated in the paddy bed due to the paddy respiration. In
practice, an aeration by feeding the ambient air up from the bottom of the silo will reduce the
temperature and the moisture of the bed. However, a recondensation of moisture in the upper layer is
found which deteorates the paddy quality. Moreover, this technique consumes electrical energy.

Thermasyphon heat pipe is used to exiract the accumulated heat in an experimental paddy silo.
Its evaporating section is embedded in the paddy bed while its condensing section is exposed to the
ambient air. The heat pipe could transfer the heat in the bed which is exiracted to the ambient air at the
condenser. This technigue is combined with the aeration method to reduce the electrical consumption.

In this study, the optimal area of the heal exchanger and the optimal operating period of the

aeration have been found out.

Thermal management of air cooling for electronic chips.

At present, electronic circuit board contains a high number of electronic chips. In a confined
space, where the modules are operating, very high heat flux is generated and the temperature of the
electronic chips might be high which damages the chips or shortens the chip lifes. Air cooling is a normal
practice and sometimes the flow is not enough.

In this study experimented studies of different passive method have been applied to enhance

the heat transfer of air cooling. The techniques are : allocation of the chip modules | use of surface with



Executive Summary

In this research study, different methods of heat transfer enhancement have been developed in

different thermal applications which are :

a. Use of Electro hydrodynamics, EHD in thermal equipments.
b. Design of heat exchanger for reducing accumulated heat in paddy silo.
¢.  Thermal management of air cooling for electronic chips.

d. Enhancement of heat transfer into ground

e. Enhancement of heat transfer in adsorption energy storage.

Use of EHD in Thermal Equipments

Electric field can exert forces onto fluid particles close to the heat transfer surface of thermal
eguipments. The fluid boundary layer is disturbed thus higher heat transfer could be obtained. The heat
transfer coefficient depends on the electric strength, electrode positions, and fluid velocity, The power
supplied used is very small compare with the extra heat rate obtained.

In this study, the EHD is applied into the air flowing thorough tube banks and rectangular
channels. The study is carried out by using computational fluid dynamics, CFD and experimental

methods.

Design of heat exchanger for reducing accumulated heat in paddy silo.

In a paddy silo, there is heat accumulated in the paddy bed due to the paddy respiration. In
practice, an aeration by feeding the ambient air up from the bottom of the silo will reduce the
temperature and the moisture of the bed. However, a recondensation of moisture in the upper layer is
found which deteorates the paddy quality. Moreover, this technique consumes electrical energy.

Thermosyphon heat pipe is used to exiract the accumulated heat in an experimental paddy silo.
Its evaporating section is embedded in the paddy bed while its condensing section is exposed to the
ambient air. The heat pipe could transfer the heat in the bed which is extracted to the ambient air at the
condenser. This technique is combined with the aeration method to reduce the electrical consumption.

In this study, the optimal area of the heat exchanger and the optimal operating period of the

aeration have been found out.

Thermal management of air cooling for electronic chips.

At present, electronic circuit board contains a high number of electronic chips. In a confined
space, where the modules are operating, very high heat flux is generated and the temperature of the
electronic chips might be high which damages the chips or shortens the chip lifes. Air cooling is a normal
practice and sometimes the flow is not enough.

In this study experimented studies of different passive method have been applied to enhance

the heat transfer of air cooling. The technigues are : allocaticn of the chip modules ; use of surface with



high thermat conductivity for the circuit board ; and use of vortex generator to enhance heat transfer
coefficient. Different heat transfer models correfated from the related parameters have also been

developed.

Enhancement of heat transfer in to ground
Vapor compression air condittoner is a common thermal equipment which consumes high

electrical energy. In summer, the system performance is poor due to the high ambient air temperature
which is its heat sink. On some days the temperature is up to 40°C. Since the ground temperature

which is around 26-28°C at 2 m tevel, therefore, use of ground as a heat sink is another interesting
topic.
in this study, use of U-tubes and spiral coil as heat exchangers are theoretically and

experimentally studied.

Enhancement of heat transfer in adsorption energy storage.

Adsorption thermal energy storage is interesting for both cooling and thermal storage
applications. The working medium is normally a pair of solid adsorbent and low boiling point fluid
adsorbate. When the medium in a storage tank is heated, the cooling fluid desorps and condenses as
the liquid in another tank. When heal is needed, the liquid reevaporates and is adsorbed at the storage
tank. There is heat rejected at the storage tank during the adsorption. At the same time, as the fiquid
reevaporates, it will extract the heat from its surrounding and make the surrounding be cool. The
advantages of this technique are low heat loss o the ambient, no moring part. There is one main
drawback. The adsorption occurs effectively at the adsorbent surface. The temperature at this area is
high then the fluid vapor pressure is high and retards the adsorption to the inner layer,

In this study, silica gel-water and activated carbon-methanol are working pairs for studying the
cooling effect. Sodium sulfide-water is used for heated purpose. To enhance the adsorption performance,
high thermal conductivity material is blended with the storage medium to increase the overall thermat

conductivity. Use of fin increasing the heat transfer area is also considered.

Budget of the Research Study : 7,500,000 Bhat

Research Period : 3 year
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Tuewdand Iddnmumngnisainslusimylrasasvedine  wasmsiomenadon lunsdd
Ml uaInaNinmanNIan 1un&juﬁaﬁﬂuﬂanam narviandd uarludosfwivy Afinwmevouuy
AR LATUULYIONTI8IRY N M AT aRLEI0TRa TULLLENE DY MsansRsAn B IuINM T eRiFaen
\#% Ai3undn Computational fluid dynamics, CFD BazMTIATIEVHINTNAE0S ¥aNTINAG v MSanE
Fanaaad 'lum51'ﬁamuvl,wﬂ%ﬁ'ummmminhmsﬁwmmm%aulu%ﬁmfﬁnmuﬁgﬁagnﬂmwl’ﬁﬂu

L3 v -:Y a4
gunsobbhanusouianauan

2.2 nguffilglunisieszd
P . d a o Ao P i .
upinssvhdewiboliinas £, AdennawnlWiienudy £ Alidevaslnafilidn dielectric

permittivity &, AIURWILEU O, uazanmndl T mmsnﬁ’@lugﬂ {Landau and Lifshitz 1963}

Ej:qE—%EZV&L%V £ % ol (2.1)

op |,

FIRWILERS veclors WATLSNNDL scalars LEeIGAI8GNBEY g Dud" electric charge density  gE 11u
o o ' = o ' . o

Coulomb force AinTzvinlapswindindadszadaszlagiunit  electrophoretic component Twinawf 2
= & . Ao ' . . ..

wae 3 ﬂﬂam’sﬂuaLﬂuLL‘ianE:ﬁ’lﬂaa‘t&mﬂlu%ﬂﬁammn’n dielectrophoretic force 4az electrostrictive

force

= " ] w
auM3 (2.1) wsninuluaunis Navier-Stokes lausuu@vasinaiiu incompressible Fvazld

p% =pg+F,-VP+ 1V, (2.2)

nawaa¥ o g 1 gravitational force diansizzfsanes, P iiluadiuau (local fluid pressure) uazinaugs
bl b CJ [ .
voiuinauviilue  viscous terms

fnwua vorticity @ (Ju

w=Vxv (2.3}
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sumsluwudy sansadsuluzilunas vorticity lapdaluzy

ia—a—)+(v-V')co=VV’za)+,_f;ﬁ§zﬁ——(15>~<V)q. (2.4)
ot Ox

fi%ua stream function (/) lugﬂ

d d
v, =_l//_J vy:——l’{_ (2.5)

oy Ox
NFNNT (2.4) waz (2.5) 3 ld
Vi =-o. (2.6)
#7131 energy equation He'luda viscous dissipation effect mmsmﬁmu‘lugﬂ

2
ar_ o wre %L .7)

dt P,

A & ¢ @ . ' = ol 4 ‘ .
Loau'lmmauwmuagnugﬂmamﬂmmaamn')ﬁmumuamﬂmummsau JUTEN Y

P ' . ' P E B \ - P = o @
nmmﬂmmum}‘ma Fuflunauvuyianauuasviarsd lapdansaznisnedianinsaludiunisangg a3
El
JUh 2.1
4

~ O 000 - O o O 5
= O o o o = O = G @ &
- O 00 O = O 5 @ 5
30000 20703
uniform velocity tube wire electrode uniform velocity tube wire electrode
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CASE 2 CASE 5

O 000 O -
O+ O-

20000 o
@l O
O 00O @-O
@\OO/O\C> =y O.\

P

uniform velocity tube wire electrode uniform velocity tube wire electrode

1111111
O O O O
5

OeOee (e .Q ‘

0+0+0-0- @\

ONONOLOL
:i\O'O'/ON@’ ‘=9\ O\

@&@@@@i
O O O

uniform velocity tube wire electrode uniform velocity tube wire electrode
CASE CASE 4
=;> =5
QOO0 3OO
IO o
o Sr =} o F' & = o
o ALl /o
@gwocwa = O
2T To-o
ocnap 3O = O 3
un frm velocily fube wire electrode uniform velocity tube wire elecirode

CASE2 CASES

oooo DO O-
O(O - <.

o =g jOG{I

=& o BE - .

= L T 20,
L]

SEQAOQ e O

wniform velocity  tube wire electrode uwniform velogity [ubec wire elecirode

CASE3 CASE 6
pleNellodel e -O .
— D OO-O O C?
=P = O /\C>
S OO0 3O e
=D =g
2 oo 2o o
uniform velocity tube wire elecirode wnifurm velocity 1ube wire dlectrode

= . ' N
JUf 2.1 nslnasunduyia
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aulwrauiwaniln

x=0,a3:0,w=Uiy,T:ﬂ. (2.8a)
dw dy o°T
x=L, —=0, =0, =0, )
ox ox ax? (2:85)
S, S, oT
y:—.i_, a):O, W:—U;‘_r! —:0, (280)
2 27 By
y:ﬁ,wzo‘wzyﬁ,ﬂzo, (2.8d)
2 2 oy

A . , - . o a
nidaan gradients Pad stream function, vorticity, Wwaz heat flux eriiwua Wi wen) LLaz‘ﬁN’JYm'ﬂﬁ
U

AR Ue

2
w:—g—l”;, w=constant, 7' =T . (2.8e)
n

n Aafianaasarninniiarie

= ' B | o de o o as = .~ P a A
AIMMTIRRENBYaIRWALN AL s anAaY Ga31H 2.2 Icﬂuﬁnwmmﬂmmﬂﬂluﬂﬂmwaagnﬂau
P P | P
washirnnagnaiu Beulyvauuaaniu

e —___ég

@ G N L |
T ] | -
wire electrode A —=| wavy plate L

1
- ke

-}, — —*

(a) cross flow

L- ~

(b) parallel flow

= L, o= da . = ]
E‘ﬂ‘ﬂ 22 nws‘lwalwnammammmwaLﬂugnﬂau
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ol o A
nsm"[%alummamug}nﬂ o

x=0, =0, y=Uy, T=1T,
2

ow_g v o 3T
ox ox dx

P o A
96 A AU WTiRDaIaNARY

x=0,u=U, v=0, w=0, T=T,

x=L:_=)__= ,_:0, 2:0
ax Ox ox
2=0anddr2; ¥mo, Foo, Py,
oz dz oz
w=0,£=0
Oz
y=%(l+cos—%—x} V=0, u=0, v=0,
w=0,7T=T7
y=H; V=0,u=0,v=0, w=0, T=T,

A . 13 L
fin1saan gradients 2049 stream function, vorticity, ez heat flux Az ALY L‘L\uguﬂ
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(2.8f)

(2.89)

(2.8h)

(2.80)

{2.8))

(2.8k)

(2.81)

(2.8m)

(2.8n)



2] , ' = o v 2w oo o d 4 ar o = ;
ﬂ?mn']‘ivt'ﬁE‘?HﬂuﬁadﬁlﬁaUNI%@]QL”U?G&'Q’]T’I@]&T’IWWaqﬂ'\ﬁiﬂu ai5dh 2.3 Lﬁaui’lf“uﬂlll,'ﬂ(ﬂ"aﬁl,ﬂu
au

@+@~_
@ ”
®

©
®

| — Aa,+q.=q

|:>¢

a

Double-Flow

1. Absorbing Plate 8. Iniet Air

2. Reflecting Sheet 9. High Voltage Generator 15. Qutlet Air

3. Air Gap 10. Positive Electrode 16. Heat Exchanger
4. Solar Heating 11. Insulation 17. Blower

5. Glass Cover Plate 12, Insulation 18. Invertor

6. Air Flow Channel 13. Wire Electrode 19. Working Fluid
7. Insulation 14. Grounded Electrode 20. Applications

= ' ' d 4 o, [y =
Eﬂ'ﬂ 2.3 ﬂ’?iiﬁaﬁﬂﬁa']n']ﬂ“']u’ﬁaﬂﬁl%ﬂUU’Uﬂa@jﬂqaqﬂqﬂsauuﬁﬂaqﬂ@g

x=0;, @=0, y=Uy, T=T, (2.80)
2
x-—*L;g?—=0,a—w=0,£=0. (2.8p)
Ox Ox
By orT
y=0, @=——", =0, —-=0, (2.8q)
’ dy
H 0’ H 0
y == (upper); w=—ayyzf, V=Ygt T (2.81)
2 H or
}’"—'ﬁ(lower); w=——’f, y=U -, —=gq,. (2.8s)
2 ) 2" o
2

fiduniianisean gradients of stream function, the vorticity waz heat flux Amualilidneud wazveslng

= : . = El v
Almaduiiu uniform flow 3uf360 heat flux (g, + ¢,) i EmanABaRILANI R DUANLTOY

Tunsdidns g 9196% s Maxwell equations &wiusmnIwiy dmualéidu
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lag strength £ 11370
E = —VV . (2.10)

VINFUNTFNQSNIZUE {current continuity equation)

dq
V. J+2L=0,
Py (2.11)

A1 current density J 471370
J=qv+o, E+(v-V)(eE)-DVgq. (2.12)

FIENMTT (2.9) D4 (2.12) 2\

vy =-1 (2.13)
&
q' =e(E-Vq). (2.14)

] o o &,
Naul’lﬂ]aﬂrﬂ@ﬁ’]“?uﬁ“nqi (213) (183} (214) 'ﬂ.:l:ﬁu

A 1 L7
=V, , N wire electrode UaAazIFY {2.15a)

V
= f .
V=0, didiomanuian, ‘ {2.15b)
LY o ' = ' Y qoct =
aflaanmsdriwim  wudswnIshsansanausTousmstmmanutauldd  leoawizh
mmﬁammﬂﬁam:gnmvl,ﬂL‘Ll%'umﬁf_luﬁuuamm@aau 'Lunm‘in’lﬂwmhunejuﬁa LREMT AR IMAINN

v A2 = A L3 L] A ~ Aﬁﬂ .
mmﬁﬁaumml,aaa"mmﬁ fm'l%mafinammnu ﬁna:mm\mmsnﬂmnum’nwﬂwuﬁm DWNWT

fwiumsiwariunguria Idlms@nsnngnissinmsivg lesdasTudtllundurie dogun 24
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L
é | Wi electrode
u;ﬂE /(I.Eﬁmm)
L '
& LI 0' {ube elecirode
-« ol {1.25mm)

430

& lHeater 200W

"'."l : L‘Mﬁm

RN

di b kY

e - Vo e .
U 2.4 m3fnwng@nssuns inalunguriofliaunulwi

o, o = a . oA w o
MINAFILAIZYINTY Re = 213 IG]U‘H’1rﬂﬂﬂaUHLL‘NGIWBBGH%TM“LNﬂ'ﬁzﬁ'NG 0-16 KV WUINUALTIAWLWY

& . woa y . &
au gwn Wiz lvinanistuulusastwasinau

Yo - . - . .
wannildansndinimnasss  lumsltauyMiwRuausursalunisdimma s iouly

URY P o - ] [ <l ' o .
vmammuuﬁmam’lmﬂuqﬂnitﬁﬂﬁmﬂmaumnamu (ﬂ‘ﬂzﬂ‘ﬂ 2.5 WUMRIHIIDLNUFNTTOUSNIIONELN

+ b= @ = qr FJH -~ T
anufouldd runu '5'1uazl,armmmsnglﬂmnmnmwmwuﬁmuuws
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High Voltage Generator

2
-
]

+
50 mm

K

Horizontal Electrode
Cross Section Area = lmm?

Automobile Radiator

pimim i inl)
Direction of Air Flow
o TS ST

1
[y

25 mm

jin2s msigrun Wi lumsifverus s sonsomanuTaureswt e s nuug

WeNEI3a1989

[1] L.D. Landau and E.M. Lifshitz, Electrohydrodynamics of Continuous Media, Pergamon, New York

(1963).
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3.1 U

Prfeniifuludafu  axiiffywinisdensmmwuasdiiaionlu asffnsnananuden
qzaW iTuLilaammnmmfauﬁLﬁmmnmsmulwaafhmﬂ'ﬁammzqﬁuw%ﬂ'@mc] Lguumaﬁﬁnuluﬁﬁﬁu
lesAmsssunoanma (Aeration) aaniiiuzig Lwimﬁ:mummﬁﬁauﬁfjw:muquqmugﬁix”mﬂﬁanlﬁ
Infifissameanieday  wdndosldwasslunmseroemeaiiuoaiwm  dwsunsdnsnludssnaln
wudwmm%awggﬁa 30 — 40% @all (Maier,1993) Lﬂaamsz:mﬂ‘lﬂmﬂuﬂs:mﬂlum%au%u Uan
mni{aé’amiszmﬂmmﬁé}'aﬁ'llﬁlﬁmqmnqﬁﬂﬁmﬂﬁan‘lmxﬁudw 9 wendwnu  TINdanmshaldife
arwiu szauludridanluduin ﬁ'ﬂﬁiﬁ’uﬂ%anﬁlﬁﬁamww"la.iaﬁwmwa

Kiatsiriroat and Dussadee (2001) ‘lélfviaeuiaunuuinaslulawsyu (Therrmosyphon heat
pipe) latlidwiszmoiadlulaladrafon LLa:ﬁhum‘uLLﬁm:mrmmaﬁ'augimn'm AN IANEN
wmfﬁ:‘uué’an§mmm'mﬂwquqm%gﬁﬁnmﬁanmm% 26.9% w@sgwilan ag;ﬁ 37 - 38°C u
°]Jm:ﬁ‘i:ﬂuﬁl&]ﬁm‘iﬂ’mqum'ﬁﬂﬁ“ﬁﬂL'ﬂ§angquﬁgdﬁd 6500 N’]KJ']'SQ'ﬁ:Raﬂ']']l]Laﬂ“']Umaﬂﬁq?LuaElﬂ
ﬂ5\1mnﬁuLﬁmluﬁuﬁﬁmm%u:gwmziamiamﬁ'ﬂﬁﬁﬁa 7-107 Imﬂqmmwﬁnmiﬁﬁ‘lﬁﬂ’uﬂuﬁ
pausy  Awsumaniuinuniudidananududfisan  13.5% anaspwtlon esmuioumansn
ﬂmquqmugﬁﬂ]’wmﬂﬁanagﬁ 28-29°C 'Lummzﬁszuuﬁ'iajﬁmsmmmlﬂG} Qmwgﬁagﬁ 31-32°C

Fwisruidod  leimslEnetiedindnutumsigssuuzuedvamelulaladhudden
eanrmeiuiinasannufou Lﬁﬂlﬁﬁunugnaa LazAmMSAEINY  aanisldwaanahetmea lunis
ﬁnma:mmm@ﬁmm:amaaﬁamﬁﬁaummlcﬁ’ﬁﬁmmﬂmau%mlmj Tusmisodsfnuvunaimun:

a a A e o w e a ar o=
aurBINGasMuanuasiufIBAslviednlng uasiaRuiinies

3.2 anumzlolauazlaean It lunis@ne
sU% 3.1 waesaUnsoiiildnareuT UL T uSIuTERIIYian NNTEULAT Acration  lansng
Y] 7

821BUaA AN TBITTUUYIDNNTBULAE  Aeration lAlummarouusaslummeRt 1 mnesay
nesouLassuarliti il dandiuan 850 Alansy anudulszim 13 % wargrwdon lumsnasauri
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i o ' o . =)
AR 3.1, @manym:wm:f:yumm’:mauuaz Aeration NMagay

Ewmr? of thermosyphon spaci s , i Dimensions
Bir.1 diameter 1,250 mm.
Bin length 1,506 mrm.
Evaporator area 16 m’
Condenser area 12.7 m’
Working fiuid ‘ R22 mm.
Working fluid volume (100% of evaporator) 2254 kg.
Paddy capacities 1000 kg.
Blower power 1/8 Hp

wpudraasneadamansamiuimisgnngiitiulien
bl o b A s 1 L5 1 =
mnunanmIsuintwasnu  madkouelsmdsnumslusssdigfansasiannafoudauin

e v A . o [ 4 = ) 2
ﬂaLiLﬂa{LﬂqﬂUﬂ?qwiﬁuﬂﬂqULﬂ?:“')qﬁizﬂuuﬂ:ﬂduqaaﬂu HIFIUTTN Lmﬂulﬂuauﬂ'\{lﬂ'}q
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moo= dasms raaNe, kgis.
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High thermal conducivity
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n. Adiabatic Heat Transfer Coefficient
n.1 1841 vortex generator
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