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## 4370325921 : MAJOR MECHANICAL ENGINEERING

KEY WORD: HEAT PIPE / WICK
THANASAK CHUMWISOOT. THESIS TITLE : A STUDY AND DEVELOPMENT
OF WICK STRUCTURE FOR HEAT PIPE. THESIS ADVISOR :PONGTORN
CHARUNYAKORN., 115 pp. ISBN 974-17-5385-3

Heat Pipe is a type of heat exchanger which operate to transfer very
high heat flux under the condition of small temperature difference. The present
thesis concerns an experimental study on the thermal performance of a heat
pipe which can be constructed with simple and well know technique. The heat
pipe is made from copper tube and the wick is made of stainless steel mesh (
mesh number 100, 120 ). The copper tube has outside diameter of 18.7 mm and
1.25 m. long. The working fluid is R-12. The evaporator and condenser section
are 0.50 m long and the adiabatic section is 0.25 m.long.

The experiment of this heat pipe was done by heat exchange between
hot and cold water circulating around evaporator and condenser sections . The
temperature at evaporator section is maintained at 60 °C and the temperature at
condenser section is 30-35 °C. The test was done at various angles of
inclination of heat pipe.

The experimental results show that this heat pipe operates quite well
under the assistance of gravitational force ( the condenser section is higher than
the evaporator section ). It was found that heat flux reached a maximum value of
823.345 kW/m” for heat pipe with mesh 100 and 1,546.945 KW/m® for heat pipe
with mesh 120. This maximum value occurred at inclination angle \y of about -
135 degree.It was also found that the present heat pipe offerred a slightly higher
heat flux in comparison with wickless heat pipe and heat pipe with 200 mesh
that uses R-11 as working fluid, from previous reseach. The performance of the
heat pipe can be improved by using finer mesh, using wick of other types, or
using fluids with higher merit number.

Department_____Mechanical Engineering Student’s signature

Field of study

Academic year 2003 Co-advisor’s signature
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M3197 2-1 MIIM3LAeNvea11al¥ Iy ( Dunn and Reay, 1978)

. Melting point Boiling point at atmos. Press. Useful range
Medium (o%)p ap (OC) (OC) 9
Hellium -272 -269 mn-271%8:- 269
Nitrogen -210 -196 1 -203 ds- 160

Ammonia -78 -33 910 -6051100
Freon 11 -111 24 1n-408120
Pentane -130 28 1 -2045:120
Freon 113 -35 48 11-107:100
Acetone -95 5 1n 08120
Methanol -98 64 1171051130
Flutec PP2* -50 76 10 108160
Ethanol -112 78 11 084130
Heptane -90 98 11 08150
\Water 0 100 1n 3074200
Flutec PPg* -70 160 1 081225
Thermex 12 257 910 150 74395
Mercury -39 361 911 2507: 650
Caesium 29 670 91n450 5: 900
Potassium 62 774 911500 81 1000
Sodium 98 892 »1n 600 d4 1,200
Lithium 179 1,340 11,0004 1,800
Silver 960 2,212 1 1,80047:2,300

* Tunsaindosldauruma i

A13197 2-2 M319M31aenved 1Mal¥a1u ( Frank and Mark, 2001)

Measured Measured
Temperature Axial- Heat Surface
Range Wokdin Flux® Heat Flux®
(K) Fluid 9 Vessel Material (W/cm?) (W/cm?)
230.- 400 |Methanol” Copper, nickel, Stainless steel |0.45 at 373 K| 75.5 at 373 K
280 -500 |Water Copper, nickel 0.67 at 473 K| 146 at 443 K
360 - 850 |Mercury® Stainless steel 25.1 at 533 K| 181 at 533 K
673 — 1,073 |Potassium Nickel, Stainless steel 5.6 at 1,023 K|181 at 1,023 K
773 — 1,173 |Sodium Nickel, Stainless steel 9.3 at 1,123 K|224 at 1,033 K

* Varies with temperatyre

bUsing threaded artery wick

‘Based on sonic limit in heat pipe
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M5191 2-3 MvesgaenveIved Inaldnulurrsgamagii —200 81 1500 °C

Properties at
atmosphericpressure
Normal
Operating
Temperature il iquid
range | Working |B°!lIng LIQUIf transport Suitable material for
°c Fluid pgg‘t k?/\‘;/tr?qg shell and wick
-200 to -170 |Nitrogen -196 9x10° Stainless steel
-70to +50 |Ammonia | -33 1x10° Stainless steel, nickel, aluminum
-60 to +40 |Freon 12 -30 1x10’ Stainless steel, copper
-30 to +100 |Methanol | 65 5x10" Copper
+10 to +200 |Water 100 5x10° Copper, nickel
190 to 500 |Mercury 356 2x10° Stainless steel
400 to 800 |Potassium| 760 5x10° Stainless steel
500 to 900 |Sodium 883 2x10° Stainless steel
900 to 1500 |Lithium | 1330 8x10° Tantalum, TZM
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M3199 2-4 M laszrnanenuvedlval ¥y ( Chi, 1976)

Solids
FLUIDS [ T o {0 o -
304
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Ammonia C € @
Methanol I C @ S, €
Water [ C a c* C
Potassium © I
Sodium C © I
Freon 12 @ C

‘SS = Stainless Steel
°C= Compatible; I = Incompatible; Blank = Data not available

‘Possible hydrogen generation
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Beu-ibmhr ) 4P

u

Conductance P ameter, ki

Temgerature, T R

=

317 2-6 M (k) NI UM IqU93aa ( Chi, 1976)
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A a
2.3 M3aanIn (Wick)

a dld = OZ 9 o d’d 1 A 9 ]
ﬂﬂﬂﬂﬂ’ﬁuﬂmﬁuﬂﬁﬂﬁqﬁaﬂ@uﬂaﬂﬂﬂﬂﬁT}ﬂﬂ mm"lm“lmmmmm‘lwamﬂmu

Jd o (K1 = S YIS
YosnouaUEesnay llgdiuvesdinetsmes 14157
Innanlagnineg Uszneuds 3 Usziamlvai) fe
1. SIMPLE HOMO GENEOUS WICK 1iluaniisenoudie lavizriiamen
d a A 9 a dgl
2. CURRENT COMPOSITE WICK Hu3nmlsznaudleTanz2viiauu 'l

3. ADVANCED DESIGNS WICK 1iuaniiosailseneundudou

TagNInuAazuUVIZLA1 K (Wick Permeability) IUANANAUAINITINA 2-5

. Axial Grodigse

d. Annular

fo Artery

3UN 2-7 Mmnwaadnninnonaariaaeiny
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Axial Groove
on-Constant
roove Width)

31 2-9 nmuamanmmmammuamwumeu( Perterson, 1994 )
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M1319% 2-5 MUBI K( Wick Permeability) ¥841A35303193n1UUA1Y. ( Chi, 1976)

Wick structures K Expressions
Circular artery K= r—l
8
£ = porosity = :E
§ = groove pitch
1
_ 2‘:"#,: S R
- =
Upen rectangular grooves L} Reg) W+

W= proove widdh
& = praove depth
(fy Rey) from Fig. 24

ek
Circular annular wick K = L P = Fy =1y
(i Be)  (f Reg from Fig. 2.9
d = wire diameter
Wrapped screen wick g dRel = 1 LOSmvd
2L — e 4
W = mesh number
ried Fy = sphere radius
Facked spigee £ = porosity {(value depends

o F— A=A W Y
37501 — P
on packing mode)

42
lumsnageuiiiims@enIinAvLiul Wrapped screen wick 1130 11U a1U10 Tasa1u1e

A A = ] 4 = 1 A A dy 491 IR v
NADNNIAN FUAUDT U A1V18LUDT 100 Lag 120 :aNvIgnaanu ﬁ"liﬂiﬂﬂ"lc]i’f)hlﬂxﬂﬂ l111

o aaa o 9 1 = @ . Iy
‘VI"I‘]J{(]ﬂﬁEJ']ﬂ‘]_lsU't’)QulﬁaelﬂN']uuﬁgﬂﬂ HASHAUANHUS UDILLIN Capillary ]'lﬂﬂ

2.4 Mgy auANNAY (Pressure Drop)

msndalUdazamnsasiinu Ifiuaves Maximum capillary pumping head (APC)

Y = W = @ ~ o A dy Y
max ZABINAININAITIAINITFUAIAINNAUITIN IﬂElﬂ'liqmulﬁflﬂﬂ1ilﬂu1ﬂaﬂﬁ\1uﬂ5$ﬂ@‘lJ@I'JEJ

MIYIToUD 3. AU

v A a P} 9 o '
1. m’iqayﬁ&mmmm&mﬁmﬂmﬂmihlwaﬁuawmulwaimmEl’é)uﬂamnﬂﬁ’gwum

J W (DR a 4
ADUAULEDINAVNIFAIUVDIDUINDLILADT (APe)

2. mygaydevesanuauinannms lvavesle sndruvesduineisiaes g

druvesnouauses (AP)
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3. MIGYLFBVBINNNAITBINNANUUANA NAUVBITZAVTLHINTIUVDY

[

4 a J
ADUAUITDT U@LL’JW@LEL%’O?(APg)

& - o i
Faamnsomounaasluglaunsasaeliil ( Frank and Mark, 2001)

(AP)max = Ap .+ Ap +Ap+Ap, )
[ o 4 ' a OBJ} o J
Ar, iduanusuaaiiosninuss Tdunaeluiiameamnduuuaunuda lad
Tagiia lTaiosun
Ly M
Ape = ’LI'— (3)
/O| KuA,
W, - AT HAVDIUDIUNA?
m = PR3N3 InaveduIa
P, = ANUUUMUUYDIVOIUNAT
A, F Wick Cross-sectional area
= Wick permeability
1 1 a 4 1
L, = AN effective TEHINTIUVDIDLINDITIADTLASTIUVOY
4
ADUIAULEDT
==
Ly = LR 4
2
e L, = ANUENUDIAIUVDIDLINDITIADT
L, = ANUENUDIAIUVBIADUIAUILDT
1 AN 1A ' Y
L = anueMvesdIu luiimsmemanuiou
L, pu? 12841l
Ap, =  f-e T 6)
dV 2 pvﬂdv
9 1 4 v 9 a
d, = ANVEVRIAUHIUFgUINa1voINTId L TUAN
APg = p,gLsiny (6)

y o = yuszrdnga ldsuuunszuny
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2. lifannusuiianasanle
3. cosO =1
qmax = M X hfg (8)
il plo_ hfg AwKw 2 plchffSinlr//
g lul Leff rc o

~
HaENANNITN (1)

qmax

fg

P
K,

M =

Athg gp|2

plo-hfg
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IWKWJ
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1 9 1
ANUITI 111029
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20
Tes 1, = —_ (10)
rIC plg
r, = effective pore radius
=R A
(@) = LLIIANIAT

2.5 YANNAMINENAIIN3OHU (Limits to heat transport)

[ { o o o 9 1 1 Y s
fadendivuatadiiaa UV aLIIOUE MIaoenNNTouvesdalilil 4

Y
fage lil
] v
i "
i A
! Y
I / \
: (4]
Ff, o
= i
i F
i Heat I"Jt[l.rlilnil'a
(1-2 Sonie
{2=3 ) Entrainment
{i=4p¥ieking
o 14=5) Boiling
T-',‘!I'I'I:,'ll:"'.riu rs
$ o d|
35171 2-10 Yadnavesmsmenanusouvesdnlilil (Frank ,and Mark, 2001)

(1). YaNAVDINNISAFES (Sonic Limitation)

1 J] < { 1 a 4 1 [
Tunesalilil arwdaleRdatogaresdiuvesdinelsinesoniislndny
= £ o Y a I ' ya A o w A
ANWSNTEY a9z MR Compressibility Effect nolvinaviadinavesanssousmsanie
Y = P-4 3 A o Y A
AUTOU( AVAINAVDIAIULI AT Y munaldanaumsn 11 )

Aph, (L RT)?

2(r,+1) an

Qs,max -

e Vapor Specific heat ratio, r, = 4/3 = 1.33 ( Poly atomic )

Universal gas const, R =8.314 x10 ’ (J/kg.mol.K)
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Gas Molecular weigth, M
R,=R/M

(2). YANNAVDINIFNN (Entrainment Limitation)

A a ] dgl A A o 1 9 a Aa o o
e Telinnuisagetiu usanoui lonsziwovournarldnumeluinimduda
1 v Aa A = 1 Y d' a =R A 9 o Y
igﬂ’ﬂﬂhl@ﬂ‘uN’J’Jﬂ@1i]3JGllu1ﬂTG]ﬂ’ﬂ usmmmﬂﬂmﬂmqmmmawm"lwa%mu mlavoa
@ o ] Jd v 1 dy o o
GU’ENL‘HE‘YJ‘HQﬂﬂﬂElvlﬂﬂﬂllﬁlllﬂﬂ\‘l%fmﬂﬁﬂﬁlﬁuuu ‘lJiWﬂj;]ﬂ15mﬂﬂﬂa13ui}$ﬂ]ﬂﬂ]]1ﬂﬂﬁﬂ1\ﬂu

vo199 lluaziiludadifiaduniluesaussongveda lidsedna ldanaums  ( Chi,

1967 )
op,
Qe,max = A\/hfg(zrn‘s) (12)
4 1 d
Taoi T, ==~ —
= 2N 2

3). VANAVBIIN (Wicking Limitation)

H 4

9y a Y Aa = 9 A Aa I J =
DINTFULFTIAINUAUIIFANINAAU llﬂiﬂﬂuiﬂ?ﬂwaﬁ HUHAANNINITY YL Y

U 9 U Q U
]

[ A a =1 9 d‘l 9 [
ANUAUIINNADINMNMT Ianeuo e aldaudie 1s vee lvaldaue: lianse ua
[ =S| 9 <A a Y o a ~ J] o
NAUDIMITzne 14 wanfe 1NAMFH1HIAT (Dry out) ¥0930 tazda ldazvgaiiau Tae
d' =\ [ 9 Y 1y o’d’ d' d!
Imamsgaudennuauanion lannanuduiusiuaaslugl 2-11 Fammnnnaums

U Poiseuille’s



910 Capillary limit on heat transfer rate, Q

Taeh

Y

Artery

Bugl .y
Py = Fi:f ;n
nriph,,
fa)
Channels __
BugLey
P, =
APy ?trﬂN_()h_J__:
Screen _
bugLey
APp = ————
- n(R2 — R?)¢ i,
13}
Concentric annulus _
12ugl .y
AP, Helen

Dw* phy,

_ 4.8uqLey
Dw3 phy,

311 2-11 MveIMIFAALANNAUVDINUUVAINY ( Frank ,and Mark, 2001 )

(QL)C max
Qe = T (13)
Jali~ b,
2 2
L =—" 14
(QL). FAF, (14)
WAZ Maximum effective pumping, (APc)max =P, - APe - poL siny
2 42
Wick croos-section area, A, = M (16)
Wick crimping factor, S = 1.05
SNd
Wick porosity & =1— i (17)
2.3
Wick permeability, K d’s (18)

T 122(1-¢)?

25

(15)
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H

Liquid Friction coefficient, F = ———— (19)
KA.L hfg
Y1 Friction coefficient for vapor flow, F,
Hydroulic radius for vapor flow, r | =d /2
T
Vapor core cross section area, A, = Z d\,2 (20)
N f,R, =16
f

v 2
2A/rh,v X pv X hfg
d‘ o 1A o @ Y = o a %
ANFAUNITN 14 - 21 ?Hil"liﬂu”Ill"I‘Vi1ﬂ1ﬂlﬂmﬂﬂ‘u®ﬂﬂ’nui@u1uﬂlﬂmﬂﬂﬂlﬂﬂ’)ﬂllﬂjﬂEJ
o 1 1 t:'
Hiae199 Tlunuluaumsi 13

@). IaHAveIMsiAoa (Boiling Limitation)

2 ' v S ' & Yo v a
Lﬂuﬂ’lﬁﬂ’ml‘ﬂﬂ'ﬂlﬁf]uﬂ5Qlliﬂiu‘]ﬁ]\?GU'E]\1ﬂ'li53lﬂ8ln@m@qulwa]lﬂillﬂj’]ui’E]ufl]ulﬂ@
A o A < [ v o A Y dy
ﬂ1§@u@3lla$!ﬂ@ﬂﬂuﬂa)ﬂlﬂullﬂvlﬂiucﬁ’]\‘]"‘u@ﬂfﬂiﬂauﬁ"liﬂﬂﬂwilﬂﬂﬂmaquﬂthﬂa‘l%qquuﬂg
o ya A o w A = [ A o Y .
1/]111’[!ﬂﬂGU@ﬁ]']ﬂﬂsll'ﬂ\?ﬂWﬁLﬂ'ﬂﬂ"Uﬂﬁ]ﬂﬂﬂﬂlilﬂﬂﬂf]’]ilfllgﬂ’]ujmqﬂﬂ1ﬂfﬁ\|ﬂ']5 ( Chi, 1967)

Lﬁ@ Qb,max = 27[L—ek°TVX (2_0-) (22)

hfgpv ln(:) rn
oKl k)~ -2)k —K,)]
T (ktk) +(1-a)k - k)

Boiling nucleation radius, r. = 2.54 x10 “m

20

Critical pressure = —
r

n

(23)

1 1 I 1 o w o w
Tagnluaunan 22 duaumsnidasinanieanusouvreslainavoamsfon

Y

o179 IND Boiling limitation

1 <3 o Y o o A A 1 Y A A Y A A o
pg e lsnawmsiinnedositatiosnnmsfensdngndoudene Iailudingzi
4 ) 1 H P
180 itipea1nTaena luis1 1 vu19 999 Nucleation site a@un1sfionnaz lanilunuinisa

Kreith, 2001)

2
pp, = 2 (10.53)
rn
KT, -T
g ML) (10.54)
A t

A o Heat input area

T, Ao guriginelugalyi
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T, Ao Temperature of the inside wall
t f® Thickness of first layer of wick
=S & A o Y [ A o w = 9 A @
onaurguiih linmssunamiadinanmsifon ldeniiio 9N a4 superheat Y04
a o o 1 & A Ao . o a
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wendei ldenn ad1elsnay Tanuiuly 131 Asedy superheat #1 M3tAoAIZHIBIATY

M3NENANNTOUAY Evaporator
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waeannemlSunlasudrlumseanuuuiveliegluiasinaaie Tudwadu manlaeu
9 = a a A A = o]

vod'Inaldau manlasuwiiaueadn vie msnlasuvinauazanuenvesds il lums

o 1 Ao Y o a3 £ o ' o {
Ysuanmhmseenuuuliedludadinaiu suiludesditiadeen de lumsdsulasuaie



28

Y \ Y
2.6 ANUMUMUITINVDINDAINIOU ( Overall Thermal Resistance )
A Y} ° ' Y o w ' 9 ' Ay 1 v &
weneanudouinuegnelddadinamsniemanudouaieg flanatauudniu
1 o I @ o o
manuieunnemldazlinnuduiustuanudumusmuensauyaninnuouz)

v J

HaZNAANTEUINgUUImAsN wLoNYOIdIUTNTIME LAz IuAIULUY Falianuduwus
dyd
aiife
Q=AT/Z (24)

Y = Yo A
Ni}iﬁllgamﬁmmaﬂuﬁ”lmiﬂmlﬂuulﬂmg‘ﬂ% 2-12
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. . - W i S -
.IEmp-:rrumr liquid ~vapour 2, Vaopour duct ze Condenser vopour-liquid
interfoce - interface
Evaporator wick ' 24 Condenser wick

(transverse resistoncs) (tronsversa resistance)

Evaporator wall

Condenser wall
{transverse resistanca)

{trdnsverze recistonce)

Source —evaporator =, Wall and wick . Condenser extarnal
extarnal surface £i { oxial resistance) 9 surface - sink
30 Q :
Heat source Heat sink

a v ' v
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A15137 2-6 A1 Effective Thermal Conductivity for Liquid-Saturated Wick

Wick Structures k

eff

KK

Wick and liquid in series ka_ k(- )

Wick and liquid in
parallel Y44 %e1°
k LGk, +k V=1 Lk, ~K)

W d
r4PPqc screen &, +k_)(1 - Ok — k)

k[(2k, + k) —2(1 — &)k, — k)]

Packed spheres
pheres 2k, + k(1 — ek, —k_)

wkk,8) + wk,(0.185wk_ + &k,)

Rectangula /es
rectangular grooves (@ + @)(0.185ak, + 3k )
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Plana saction

|

i Equarion for Equarion for
Location I Circular Cvlinder Plane Section
Source — Evaporator I bz = ———-l
External Surface Il ) i g T

- I
Evaporator Wall i £/} log, (r,/r;) % . Iy
(transverse resistance) i 4 [ 5.\
Evaporator Wick . & = 2 = Tw
{iransverse resisiance) ! 3 ! Se Mo
’ al 3

Evaporator . & v M N ____L\/..'r.‘?]"e;—
.Liquid — Vapour interface | 4 Ll iy 4 L* S, 0,

: T, ¢,
Vapour Duct ) N _:.%_-i

£ 'OI'J

Condenser — RT eoff 5 z = __E”Rre{f
Vapour — Liquid Interface L2 i} 7Py : L? S.py
Condenser Wick z, = loge () g 2 = ___f“"
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199 inaAgungil 191 1ag 0on Condenser 4-5 °C

ANV Iheat k(1) K, (2)
pipe mAvesdalldl | Q(W) | DTy | T;.-Ti. | TT. | Dx (KW/m.K) (kW/m.K) Heat Flux (kW/m’)
-90 0.000275 20058 | 3.74 27.528 401 | 025 6.624. 45472 729.381
-105 0.000275 221 4.6 26.358 372 | 025 7.622 54.007 803.636
-135 0.000275 22036 | 3.6 27.982 467 | 025 7.159 42.896 801.309
-165 0.000275 195.61 | 5.04 30.187 404 | 025 5.890 44.016 711.309
munag 6.824 46.598 761.409
A319714-5 1dA9 Effective Thermal Conductivity 11ZA1 Heat Flux vo13a'l1] flyuanen finasmsgungd i tas oon
Condenser 3 °C d3V3nT11H1&28 Mesh 100
ANV Iheat k(1) K, (2)
pipe mAvesdalldl | Q(W) | DTy | Ty oTi. | ToTo | Dx (KkW/m.K) (kW/m.K) Heat Flux (kW/m’)
-90 0.000275 1817 | 2.44 28.444 607 | 025 5.807 27212 660.727
-105 0.000275 22642 | 338 27.527 457 | 025 7.477 45.040 823.345
-135 0.000275 22003 | 247 27.111 331 025 7.378 60.431 800.109
-165 0.000275 1817 | 243 28.444 6.07 | 025 5.807 27212 660.727
Munde 6.617 39.974 736.227
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AYMVDIheat K, (1) K, (2)
pipe mAvessalld | Q(W) | DTy, s Tae | ToT. | Dx (kW/m.K) (kW/m.K) Heat Flux (kW/m®)
-90 0.000275 37193 | 451 27.025 323 0.25 12,511 104.680 1,352.472
-105 0.000275 357.17 | 5.06 28.248 371 0.25 11.494 87.520 1,298.800
-135 0.000275 410.81 | 435 27.711 397 | 025 13.477 94.071 1,493.854
-165 0.000275 34136 | 5.14 25.975 341 0.25 11.947 91.005 1,241.309
Anae 12357 94.319 1,346.609
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Condenser 3 °C dm5UINNMI1A28 Mesh 120

ANV heat k,, (1) k, (2)
pipe mAvessalld | Q (W) | pT; 0 N T, T, Dx (KW/m.K) (KW/m.K) Heat Flux (kW/m")
-90 0.000275 418.69 | 2.89 26.920 3.98 0.25 14.139 95.634 1,522.509
-105 0.000275 411.83 | 3.06 28.436 4.13 025 13.166 90.651 1,497.563
-135 0.000275 42541 | 243 28.323 4.14 0.25 13.654 93.414 1,546.945
-165 0.000275 35549 | 3.14 27:426 3.99 0.25 11.783 80.995 1,292.690
Aunde 13.185 90.174 1,464.927
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T 2 fie gunglveninesndnie da il

T 3 Aip QUHIVOIRINENDWAINAIUA A 19EINVD Evaporator
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T 4 fio gaugiveniiian ludaie dalaldl

u
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T1 EXACT_T1 | T2(T,,) | EXACT. T2 | T3 |EXACT.T3 |T4(T,)|EXACT T4
53.1 53.036 34 34.183 48.5 48.928 30.3 30.539
53 52.936 34.1 34.283 48.6 49.029 30.3 30.539
53.1 53.036 342 34.384 48.6 49.029 304 30.641
53.1 53.036 34.2 34.384 48.6 49.029 30.4 30.641
53.1 53.036 343 34.485 48.6 49.029 304 30.641
T2 T4 T2-T4 | Y3393 (ml) | na1(s) | Flow (m’/s) | Heat (w)
34.183 30.539 3.643 260 20 0.000013 198.314
34.283 30.539 3.744 260 20 0.000013 203.790
34.384 30.641 3.743 250 20 0.0000125 195.908
34384 | 30.641 3.743 260 20 0.000013 203.744
34.485 30.641 3.844 250 20 0.0000125 201.172
Awdanundeunag 200.586
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T1 |EXACT_T1|T2(T,,)|EXACT.T2| T3 |EXACT.T3 |T4(T,)|EXACT T4
53.4 53335 353 35.491 49.3 49.737 31 31.250
53.4 53.335 35.8 35.994 49.3 49.737 31.1 31.351
53.6 53.534 35.9 36.094 493 49.737 31.1 31.351
53.6 53.534 35.9 36.094 493 49.737 31.1 31.351
53.6 53.534 359 36.094 493 49.737 31.1 31.351
T2 T4 T2-T4 | U3as(ml) | na1(s) | Flow (m’s) | Heat(w)

35.491 31.250 4241 340 30 1.13333E-05 | 201.250

35994 | 31351 4.643 230 20 0.0000115 | 223.543

36.094 | 31351 4743 235 20 0.00001175 | 233.351

36.094 | 31351 4743 220 20 0.000011 218.457

36.094 | 31351 4,743 230 20 0.0000115 | 228.386

ﬁmé’wmmm%’auméﬂ 220.998
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T1 EXACT_T1 | T2(T,,) | EXACT_T2 T3 EXACT T3 | T4(T,) | EXACT T4
53.1 53.036 334 33.579 48 48.422 29.9 30.134
53.2 53.135 33.7 33.881 48 48.422 30 30.235
53.2 53.135 88w 33.881 48.1 48.523 30 30.235
53.3 53.235 BeY/ 33.881 48.1 48.523 30 30.235
533 53.235 337 33.881 48.1 48.523 30 30.235
T2 T4 T2-T4 | Y53@5(ml) | a1(s) | Flow (m’/s) | Heat (w)

33.579 30.134 3.446 300 20 0.000015 216.400

33.881 30.235 3.646 300 20 0.000015 228.983

33.881 30.235 3.646 280 20 0.000014 213.717

33.881 30.235 3.646 280 20 0.000014 213.717

33.881 30.235 3.646 300 20 0.000015 228.983

mwdsnuanudounas 220.360
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T1 EXACT_T1 | T2(T,,) | EXACT_T2 T3 EXACT_T3 [T4(T,)| EXACT_T 4
52.7 52.637 31.7 31.869 48.2 48.624 27.1 27.294
532 53.135 31.7 31.869 487 49.130 27.1 27.294
534 53.335 32.1 32272 48.8 49231 27.1 27.294
53.5 53.434 i 32473 489 49.332 27.1 27.294
53.5 53.434 879 33.177 49 49.434 27.1 27.294
T2 T4 T2-T4 | 53035 (ml) | Na1(s) | Flow (m’/s) | Heat (w)

31.869 | 27.294 4576 270 30 0.000009 172.422

31.869 | 27.294 4576 280 30 9.33333E-06 | 178.808

32272 | 27.294 4978 280 30 9.33333E-06 | 194.532

32.473 27.294 5.179 280 30 9.33333E-06 | 202394

33.177 | 27.294 5.883 280 30 9.33333E-06 | 229.910

AmFanundenay 195.613
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Y
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Y
AITNAABNNIHUANIUANGUNYUIITOUAIY Evaporator
Tfgauuginina = 60 C uazgmuginheoninla =59.8°'c dasms lnaveaiuniny 0.42 kg/s
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T 1 v QUUYUUDIRNINONDILAINAIUAUDUAIUUDI Condenser
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T 2 fie gunglveninesninie da 'l

T 3 Aip QunIVeIRINENDWAINAIURUE 19EIUVD3 Evaporator

E4

T 4 fin gauviiiveniiiih lidsve Ga'lad]

Y

yuvesdalilil -90 eam

T1 |EXACT_T1|T2(T,,)|EXACT.T2| T3 |EXACT.T3 |T4(T,)|EXACT T4
53 52.936 32.6 32.775 46.4 46.803 30.1 30.337
52.9 52.836 32.6 32.775 463 46.702 30.1 30.337
52.8 52.737 32.6 32.775 463 46.702 30.1 30.337
52.8 52.737 32.6 32.775 46.3 46.702 30.1 30.337
52.8 52.737 32.6 32.775 463 46.702 30.1 30.337
T2 T4 T2-T4 | YSn@s (ml) | na1(s) | Flow (ms) | Heat (w)
32775 | 30337 2.438 360 20 0.000018 | 183.743
32775 | 30337 2438 350 20 0:0000175| 178.639
32775 | 30337 2.438 360 20 0.000018 | 183.743
32775 | 130337 2438 360 20 0.000018 | '183.743
327750 | 30337 2.438 350 20 0.0000175 | 178.639
Amdanuneunag 181.701
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T1 |EXACT_T1|T2(T,,)|EXACT.T2| T3 |EXACT.T3 |T4(T,)|EXACT T4
52.9 52.836 33.9 34.082 48.1 48.523 30.5 30.742
53.4 53.335 339 34.082 485 48.928 30.5 30.742
53.6 53.534 34 34.183 48.5 48.928 30.5 30.742
53.7 53.634 34 34.183 485 48.928 30.5 30.742
53.8 53.733 34.1 34,283 485 48.928 30.7 30.945
T2 T4 T2-T4 | 5as(ml) | na1(s) | Flow (m's) | Heat (w)

34.082 | 30.742 3.340 320 20 0.000016 | 223.751

34.082 | 30.742 3.340 320 20 0.000016 | 223.751

34.183 | 30.742 3.441 320 20 0.000016 | 230.489

34.183 | 30.742 3.441 320 20 0.000016 | 230.489

34283 | 30.945 3.338 320 20 0.000016 | 223.638

Amdanuneunay 226.424
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T1 EXACT_T1 | T2(T,) | EXACT_T2 T3 EXACT_T3 | T4(T,) | EXACT_T4
50.100 50.046 34.000 34.183 46.100 46.500 31.400 31.655
49.800 49.747 34.000 34.183 46.100 46.500 31.400 31.655
49.800 49.747 33.900 34.082 46.100 46.500 31.400 31.655
49.800 49.747 33.900 34.082 46.100 46.500 31.400 31.655
49.800 49.747 33.900 34.082 46.100 46.500 31.400 31.655

T2 T4 T2-T4 | YSums (ml) | 3a1(s) | Flow ( m3/s) Heat (w)

34.183 31.655 2.528 430 20 0.0000215 227.543
34.183 31.655 2.528 420 20 0.000021 222.251
34.082 31.655 2.427 430 20 0.0000215 218.488
34.082 31.655 2.427 430 20 0.0000215 218.488
34.082 31.655 2.427 420 20 0.000021 213.407

ﬁ]WﬁQQ‘IHﬂ?]N%ﬂN!ﬂéU 220.035




yuvesdnalilil -165 oaem

89

T1 EXACT_T1 | T2(T,,) | EXACT_T2 T3 EXACT_T3 [T4(T,)| EXACT_T 4
53 52.936 32.6 32.775 46.4 46.803 30.1 30.337
52.9 52.836 32.6 32.775 46.3 46.702 30.1 30.337
52.8 52.737 32.6 BRIW S 46.3 46.702 30.1 30.337
52.8 52.737 32.6 32.775 46.3 46.702 30.1 30.337
52.8 52.737 32.6 32.775 46.3 46.702 30.1 30.337
T2 T4 T2-T4 | Y3095 (ml) | 1a1(s) | Flow (m’/s) | Heat (w)
32.775 30.337 2.438 360 20 0.000018 183.743
32.775 30.337 2438 350 20 0.0000175 | 178.639
32.775 30.337 2.438 360 20 0.000018 183.743
32.775 30.337 2.438 360 20 0.000018 | 183.743
32.775 30.337 2.438 350 20 0.0000175 178.639
Amdsnuanudounas 181.701
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a o

T 4 fip gannivo s 1dine Sa'lldl

Q u

yuvesanlilil -90 esm

T1 EXACT_T1 | T2(T,,) | EXACT_T2 T3 EXACT_T3 | T4(T,) | EXACT_T4
50.6 50.544 34.8 34.988 46.8 47.208 30.5 30.742
50.4 50.345 35 35.189 46.7 47.107 30.7 30.945
50.6 50.544 35 35.189 47 47.410 30.6 30.844
51.2 51.142 352 35.390 47.5 47916 30.8 31.047
514 51.342 352 35.390 47.7 48.119 31 31.250
T2 T4 T2-T4 | Y3143 (ml) | na1(s) Flow (m’/s) | Heat (w)

34.988 30.500 4.488 390 20 0.0000195 366.398

35.189 | 30.700 4.489 395 20 0.00001975 | 371.193

35.189 30.600 4.589 395 20 0.00001975 379.463

35390 | 30.800 4.590 395 20 0.00001975 | 379.560

35.390 31.000 4.390 395 20 0.00001975 363.022

Awdanundeunag 371.927
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T1 EXACT_T1 | T2(T ;) | EXACT_T2 T3 EXACT_T3 |T4(T, )| EXACT_T4
52.5 52.438 34.1 34.283 48.3 48.725 29 29.221
52.5 52.438 34.1 34.283 48.3 48.725 29 29.221
52.6 52.537 34.1 34.283 48.3 48.725 29 29.221
52.6 52.537 34.1 34.283 48.4 48.827 29 29.221
52.5 52.438 34.1 34.283 48.4 48.827 29 29.221
T2 T4 T2-T4 | U3nas (ml) | 3a1(s) | Flow ( m3/s) Heat (w)

34.283 29.221 5.063 330 20 0.0000165 349.752

34.283 29.221 5.063 330 20 0.0000165 349.752

34.283 29.221 5.063 340 20 0.000017 360.350

34.283 29.221 5.063 345 20 0.00001725 | 365.649

34.283 29.221 5.063 340 20 0.000017 360.350

d]WﬁQQ]Hﬂ?1N%’9H!ﬂa’€I 357.170
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T1 EXACT_T1 | T2(T,,) | EXACT_T2 T3 |EXACT_T3|T4(T,)| EXACT_T 4
52.4 52.338 343 34.485 48 48.422 29.8 30.032
52.4 52.338 343 34.485 48 48.422 29.9 30.134
52.5 52.438 34.2 34.384 48 48.422 29.9 30.134
52.5 52.438 343 34.485 48 48.422 29.9 30.134
52.5 52.438 34.3 34.485 48 48.422 29.9 30.134
T2 T4 T2-T4 | YS1nas(ml) | na1(s) | Flow (m’/s) | Heat (w)

34.485 30.032 4452 450 20 0.0000225 419.443

34.485 30.134 4351 455 20 0.00002275 | 414.442

34.384 30.134 4.250 450 20 0.0000225 400411

34.485 30.134 4351 450 20 0.0000225 409.887

34.485 30.134 4351 450 20 0.0000225 409.887

Amdsnuanudounas 410.814
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T1 EXACT_T1 | T2(T,,) | EXACT_T2 T3 EXACT_T3 | T4(T,) | EXACT_T 4
51.9 51.840 36.3 36.496 48 48.422 312 31.452
52 51.940 36.2 36.396 48.1 48.523 31.2 31.452
52.1 52.039 36.5 36.698 482 48.624 312 31.452
522 52.139 36.5 36.698 483 48.725 312 31.452
522 52.139 36.5 36.698 483 48.725 312 31.452
T2 T4 T2-T4 | #51nas (ml) | n@a1(s) | Flow (m’/s) | Heat (w)
36496 | 31452 5.044 320 20 0.000016 | 337.915
36396 | 31452 4.944 320 20 0.000016 | 331.176
36.698 | 31452 5.245 310 20 0.0000155 | 340.411
36.698 | 31452 5.245 320 20 0.000016 | 351.392
36.698 | 31452 5.245 315 20 0.00001575 | 345.902
ﬁ]WﬁQQ]Nﬂ?1N%ﬂu!ﬂéﬂ 341.359
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Tfgauuginina = 60 C uazgmuginhesninla =59.7°c dasims lnaveaiuniny 0.42 kg/s
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T 4 fin gauniiveniiiih lidsve Ga'ladl

Y

yuvesdnlilil -90 asem

T1 EXACT_T1 | T2(T ;) | EXACT_T2 T3 EXACT_T3 [T4(T,)| EXACT_T 4
51.9 51.840 34.1 34.283 475 47916 312 31.452
51.9 51.840 34.1 34.283 475 47916 312 31.452
522 52.139 34.5 34.686 47.7 48.119 315 31.757
522 52.139 345 34.686 47.7 48.119 315 31.757
522 52.139 345 34.686 477 48.119 315 31.757
T2 T4 T2-T4 | Y53a5 (ml) | @1(s) | Flow (m’/s) | Heat (w)

34.283 31.452 2.831 340 10 0.000034 | 403.034

34.283 31452 2.831 350 10 0.000035 | 414.888

34686 | 31.757 2.929 350 10 0.000035 | 429.260

34.686 | 31.757 2.929 340 10 0.000034 | 416.995

34686 | 31.757 2.929 350 10 0.000035 | 429.260

dmif&ammm%’auméﬂ 418.687
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T1 EXACT_T1 | T2(T ;) | EXACT_T2 T3 EXACT_T3 |T4(T, )| EXACT_T4
51.7 51.641 329 33.076 47.1 47.512 29.8 30.032
51.7 51.641 32.9 33.076 47.1 47.512 29.8 30.032
51.7 51.641 33 SSIVy 47.1 47.512 29.8 30.032
51.7 51.641 329 33.076 47.1 47.512 29.8 30.032
51.8 51.740 329 33.076 47.2 47.613 29.8 30.032
T2 T4 T2-T4 | U3nas (ml) | 3a1(s) | Flow ( m3/s) Heat (w)

33.076 30.032 3.044 320 10 0.000032 407.857

33.076 30.032 3.044 325 10 0.0000325 414.229

33.177 30.032 3.145 320 10 0.000032 421.334

33.076 30.032 3.044 320 10 0.000032 407.857

33.076 30.032 3.044 320 10 0.000032 407.857

d]WﬁQQ]Hﬂ?1N%’9H!ﬂa’€I 411.827
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T1 |EXACT_T1|T2(T,,)|EXACT.T2| T3 |EXACT.T3 |T4(T,)|EXACT T4
52 51.940 327 32.875 475 47916 30.3 30.539
52.1 52.039 327 32.875 474 47.815 30.2 30.438
52 51.940 327 32.875 474 47815 30.2 30.438
52.1 52.039 327 32.875 474 47815 30.2 30.438
52.1 52.039 32.8 32.976 475 47916 30.2 30.438
T2 T4 T2-T4 | Y53na5(ml) | na1(s) | Flow (m’s) | Heat (w)
32.875 | 30.539 2336 420 10 0.000042 | 410.749
32.875 | 30438 2.437 420 10 0.000042 | 428.586
32.875 | 30438 2437 420 10 0.000042 | 428.586
32.875 | 30438 2437 415 10 0.0000415 | 423.484
32976 | 30438 2.538 410 10 0.000041 | 435.650
d1WﬁQQ]Hﬂ?1N%}6H!ﬂa’fJ 425.411
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T1 EXACT_T1 | T2(T,,) | EXACT_T2 T3 EXACT_T3 [T4(T,)| EXACT_T 4
51.7 51.641 33.9 34.082 472 47613 30.7 30.945
51.7 51.641 339 34.082 473 47.714 30.7 30.945
51.7 51.641 34 34.183 473 47.714 30.7 30.945
51.8 51.740 34 34.183 473 47.714 30.8 31.047
51.8 51.740 34 34,183 473 47.714 30.9 31.148
T2 T4 T2-T4 | #51nas (ml) | n@a1(s) | Flow (m’/s) | Heat (w)

34.082 | 30.945 3.137 400 15 2.6667E-05 | 350.268

34.082 | 30.945 3.137 410 15 2.7333E-05 | 359.024

34.183 30.945 3238 410 15 2.7333E-05 | 370.536

34.183 31.047 3.136 405 15 0.000027 | 354.551

34.183 31.148 3.035 405 15 0.000027 | 343.084

ﬁ]WﬁQQ]Nﬂ?1N%ﬂu!ﬂéﬂ 355.493
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T 1 fio QK NUeIRINONOWALT
T2 fo qmw@,ﬁﬂlmﬁyﬁaaﬂ%mm 0 11)1]
T3 fio gaingivosiieneauasiidudua19edIuues Evaporator
T 4 fio qmwgﬁmml{wﬁg%ﬂﬂﬁqﬁa 30 1]
T1 | EXACT.T1|T2(T,,)|EXACT_T2| T3 |EXACT T3 |T4(T,)|EXACT T4
54.7 54.630 325 32,674 511 51.558 31.6 31.858
54.9 54.830 324 32.573 514 51.861 31.6 31.858
55.1 55.029 325 32.674 51.6 52.064 31.6 31.858
55.1 55.029 325 32.674 51.6 52.064 31.6 31.858
55.2 55.129 325 32.674 51.7 52.165 31.6 31.858
T2 T4 T2-T4 | USnas (ml) | 3a1(s) Flow ( m3/s) Heat (w)
32674 | 31858 | 0816 370 20 0.0000185 | 63.205
32573 | 31858 | 0715 300 16 0.00001875 | 56.162
32674 | 31858 | 03816 350 20 0.0000175 | 59.788
32674 | 31858 | 0816 350 21 1.66667E-05 | 56.941
32674 | 31858 | 0816 350 2 1.59091E-05 | 54353
mmnanunmdeinin 58.090
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n3alila )9 Mesh 120

a a

v
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AIUAUVUAIUVDI Condenser
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T 1 fi0 QHNUIRINONOWAIN
T2 /o Qmwgﬁmmﬁﬁaaﬂmﬂﬁa 0 1)1]
T 3 fio gaingAvosineneauasiidudua9edI1veq Evaporator
T 4 fio qmw@,ﬁmml{wﬁg%’ﬂﬂﬁqﬁa a0 1]
T1 | EXACT_T1 |T2(T,,) | EXACT T2| T3 |EXACT.T3|T4(T,)|EXACT_T4
55.5 55.428 334 33.579 51.9 52367 311 31.351
55.5 55.428 333 33.479 52 52.468 311 31.351
55.6 55.527 332 33.378 51.9 52367 311 31.351
55.6 55.527 33.2 33.378 51.9 52367 311 31.351
55.6 55.527 33.2 33.378 51.9 52367 31.2 31.452
T2 T4 T2-T4 | ¥531@3 (ml) | 1281(s) | Flow (m'/s) | Heat (w)
33579 | 31351 | 2228 450 30 0.000015 | 139.957
33479 | 31351 | 2128 430 30 | 14333805 | 127.699
33378 | 31351 | 2027 450 30 0.000015 | 127321
33378 | 31351 | 2027 450 30 0.000015 | 127321
33378 | 31452 | 1926 450 30 0.000015 | 120.951
d]WﬁQQ]ﬂﬂ?]N%}ﬂulﬂa‘ﬂ 128.650
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MonsIMsmemaNueuaInmnaassanliiyaii 1 A4 Mesh 100

yuvesdallil| mQ w)
=90 158.480
-105 195.813
-135 206.929
-165 220.711
-180 58.090
-195 56.603
=210 31.007
=225 11.340
=240 16.004
-255 6.737
=270 25.855
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51082108AY99 STAINLESS STEEL WIRE NETTING
STAINLESS STEEL WIRE NETTING

MESH WIRE NO. WIRE DIA. OPENING MESH WIRE NO. WIRE DIA. OPENING
(MM) (MM (MM MM
i 3 '?51_ 20 23 0.6 "s'é—
KIZN 2 g.a 20 g_g 0.51 ";?
58" 2 . 20 0.4¢ 0.
72 ] 2.7 20 27 0.42 0.
20 28 0.38 0.89
2 i3 2.03 10.67 20 29 0.34 0.93
2 16 1.63 11.07 BV E 30 0.31 0.96
3 6 63 5.64 2 28 0. 0.64
3 B 1.22 7.25 0 4V 20 0.34 0.68
4 5 1.63 a7 ] 25 30 0.31 0.71
4 22 5.1 25 31 0.2 0.73
3 Z o1 5.44 —_ 25 32 D‘Zgg 742
25 33 0.2 0.763
18 1.22 386 | ]
20 0. 4.7 30 28 0.38 a7
21 0.8 397 [T 30 29 0.34 51
22 0.7 %37 ] WE 30 54
30 31 0.2 56|
18 1.22 3.01 30 32 0.274 0.573__|
20 0.9 3.32 a0 33 0.253 0.584 |
21 0.8 3.4 30 34 0.233 0.614
22 0.7 352 T80 35 0.213 634
23 . 3.6
32 30 31 48|
7 27 0.71 2.02 ) 37 0.172 .
7 23 0.61 3.02 35 35 0.213 51
— 35 36 0.193 0.53
20 0.9 2.27 [ 35 37 0.172 0.551
21 0.81 2.
22 2.47 4 33 253 382
22 112 0.66 _ 2.52 40 34 233 0.402 |
g. 0.61 2.57 40 _% 213 0.422
B 4 0.56 2.62 40 03 0442 |
40 37 T2 463
0 20 0.0 1.63
0 2 0. 73 — 34 0.233 0.275
10 22 0.71 1.83 50 35 0.213 0285
22 112 0.66 : [ 50 36 0.19 315
2. 0.61 93 50 37 472 0.336 |
24 0.56 .98 50 38 0.152 0.356
25 .51 2.
26 0.46 2.0 | 35 0.213 21
60 36 0.192 23|
11 25 0.51 1.80 60 37 0.172 0.251 |
| 60 38 0.152 0.271
2 21 0.8 131 7 38 0.152 0.217
2 22 0.7 1.41 70 40 0.121 0.242
2 23 0.6 1.51
2 24 0.56 5 80 37 0.172 0.146
12 25 0.5 61 80 38 0.152 0.166
2 26 0.4€ 66 80 38 172 0.142
12 27 0.42 70 0_ | 39 0.132 0.185
40 21 0197
14 22 D.71 10 00 38 0.152 102
14 23 61 .20 00 4 0.111 143
4 24 56 1.25 00 47 0.101 .15
4 — 25 0.5 1.30 20 43 0.091 0.121
4 26 0.4¢ 135 | 120 44 0.081 131
3 26 112 4 137 |
4 27 42 139 | 1 46 0.06 0.10
[ 160 44 0.08 0.078
27 0.71 0.68 | 60 46 0. 0.097
0.61 0.98 165 2 0.06 0.093
24 0.5 .03 [ 180 47 0. 0.090 |
25 0.51 .08 180 4 0.04 0.1
1 26 0.4 13 200 46 0. .066__|
16 27 0.42 A7 200 a7 0.05 0.076__|
16 28 0.38 21 -
[ 250 47 Kk 0.051
24 56 0.85 | 250 3 0.041 0.061 |
25 0.51 0.90 | 270 3 0.04 0.053 |
26 0.46 0.95 | 300 4 0.041 0.044
27 0.42 0.99 325 48 112 0.035 0.043
28 0.38 1.03 {400 49 0.030 0.034

A oner
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Chemical formula: CCL,F,
Molecular weight: 120,92

Critical temperature: 384.8 K
Critical pressure: 4132 kPa
Critical density: 561.8 kg/m’

T (K) . 243.2 260 275 290 305 320 335 350 365 384.8
P, (kPa) 101.3 200 333 528 793 1145 1602 2183 2907 4132
pr (kg/m") 1486 1436 1388 1338 1284 1225 1157 1075 969.7 561.8
p. (kg/m*) 6.33 11.8 19.2 29.9 44.8 65.4 9.6 136.4 203.2 561.8
hy, (kI fkg) 168.3 161.5 154.7 146.6 137.7 127.2 114.0 97.6 75.8
€ (kI /kg K) 0.896 0.911 0.932 0.957 0.990 1.03 1.08 1.13 1.22
¢ (ki/kg K) 0.569 0.614 0.646 0.689 0.746 0.825 0.920 1.22 1.68
e (uN s/m") n 303 262 231 208 187 167 144 19
¥ (1N s/m?) 10.3 11.0 1.7 12.5 13.3 14.2 15.2 16.5 18.1
k, (mW/m K) 95.1 87.4 80.5 73.3 66.8 59.8 53.0 46.2 9.2 15.4
k, (mW/m K) 6.9 1.7 8.4 9.2 10.0 10.8 11.6 12.3 13.4 15.4
Pr, 3.51 3.16 3.03 3.02 314 3.22 3.40 3.52 3.70
Pr, 0.85 0.88 0.90 0.94 0.99 1.08 1.21 1.64 2.27
a (mN/m) 15.5 13.5 11.4 9.4 T 5.9 2.8 1.3

4.2
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Physical Properties of Wick Structures:

Minlmuom
Capillary )
Wick Type* Thermal Conductivity Porosity Radius Permeahility
i Estimated from
Unconselid- ; .
ated packed . x,jz&, vk =i=e)lk, - k)] (assumingeubic
jeal o kg = packing) & =
spheri 3k, +k + 1=}k, - k] ) .
partlcles {a e e
= ( ] 1501 -}
particls k[ 2k, + b, —2e(k, =k,
iammeter Sintered =
@ ] Rt i.t,u;,u{t,—t,i
!
¥
k= |
k] where
Sinered Eﬂ - [:-"k._fl—i} k, Use i -
sl manufaciurers r= _ d'E
{d = fiber *dt[l—sjk,kg ol 2(1-<) y_H%:E
diametes) R, +k,

€, =60x107"° m*

€, =33x107 Im’

v The axis of the pipe and direction of flusd flow are pommal o the paper,

* These wicks are pesiioned so that the layers follow the conmours of the iner surface af the pipe wall.
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kg ' o ' Y d‘ \ 4 = o_ ' \J Y
AIDYINIIATUIN mmmsaummm"lﬂ, Q HASVAVNANT] YBINBAIINITOU

Evaporation section Adiabatic section Condenser section

\ \
50 c.m. 25 c.m. 50 c.m.

7

A139ANVBYU ( Working Fluid ) Ao R-12
¥UAYDIIN AD Wrapped screen (N =100 ) o5 42
ﬂ’JﬁJEﬂ’JﬂJ@\?%ﬂq‘ﬂﬂ 1.25 a9

dy= 1.87x10 'm

Screen wire diameter, d = 0.101 x 10 “m
Screen wick thickness, t;, =1.00 x 10 “m
Copper tube, d. = 1.675 x 10° m

Vapor core diameter , d =1.475 x 10°m

Heat pipe inclination, y/ =-90 rad

End Condenser Length, L, = 0.5 m

Adiabatic Length, L, = 0.25m

End Evaporator Length, L, = 0.5 m

Liquid density, p, = 1,165.39 kg/m3

Liquid viscosity, 44 = 169.47 x 10" kg/m.s

Liquid thermal conductivity, k1 = 0.05384 W/m.K
Surface tension coefficient, & =4.41*10 ° N/m
Heat of vaporization, hfg =115.63 KJ/kg

Vapor density, p, =91.00 kg/m3

Vapor viscosity, f4, =15.08x 10 “kg/m.s

Evaporator Temperature = 60 °c



105

Axlal Heat Flux

1. MIMUINTIA Maximum effective pumping, Ppmﬂlu Capillary Limit
A d 1 '
Laﬂﬂcl‘lsf) wick ‘VI!‘}JL!Q”I‘UWEJ &‘U’EJ{ 42 %1ﬂﬁ151\‘11uﬂ1ﬂwu3ﬂ. U lll@allﬂﬁlf’)\i w=0.153 mm

ag A1d=0.101 mm YUNATAOY ~90 BIF

1 W+d B
AT 1 = =0.127x10 m

1 ’
Capillary radius , I, = N = 0.127x10° m

N =3.937x10° m’'

. . 20 2x4.41x10°° 2
Maximum Capillary pressure, P, = — = ———————— = 69.45 N/m

r.  0:127x10°°
Normal Hydrostatic pressure, AP, = p,gd, COSy = 1,165.39x9.81x1.475x10 0
= ON/m’

Axial Hydrostatic pressure, = p, gL, SIny = 1,165.39x9.81x0.75x-1= -8,574.357 N/m’

Maximum effective pumping, P, =P - Ap) - £ 9k siny (16)
= 69.45 -0+ 8,574.357
= 8,643.807 N/m’

a(df~d7) | 7((1:675x10%)° - (1.475x10°®)?)
4 4
= 4.948x10° m

Wick croos-section area, A, =

Wick crimping factor, S = 1.05

SNd 1- (7 x1.05% 3.937x10° x 0.101x 1073)

T
Wick porosity & =1-
4 4

=0.672
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d?%°®  (0.101x10°)?(0.672)°
122(1-¢)2  122(1-0.672)°
_ A
KA.L hfg

Wick permeability, K = =2358x10 'm’

Liquid Friction coefficient, F = (20)

- 169.47x10°°
2.358x10 %% 4.948x107° x1,165.39x115.63x 10°

=107.790 (N/m))/(W.m)

11 Friction coefficient for vapor flow, F,
Hydroulic radius for vapor flow, r, . =d /2
=(1475x10°)2=7375x10 'm

T )
Vapor core cross section area, A, = Zdvz =4.388x10° m’

N f,R, =16
f
y — ( ZV&\I):L!V (22 )
2'A\/rh,v 3 pv S hfg
4 16x15.08x10°®
2x 4.338x10°° x (7.375% 10"3)2 x91x115.63x10°
= 4.860x10" (N/m")/(W.m)
910 Capillary limit on heat transfer rate, QC’max
L
Qi =7 . )°’max1 (14)
—NeS 1+
2 2
() = (15)
“" R AF,
= 8,643,507 =80.188 W.m
107.790+0.0048
80.188
Qc,max = 1 1
(=x0.5)+0.25+(=x0.5)
2 2
=106.91 W

N1AIUIVAT Merit Number

P.c N

H,
~ 1,165.39x 4.41x10°° x115.63x 10
169.47x10°°

NN M = (D)

M

=3.51x10°W / m? = 3.51x10°kW / cm?



2, MIMUIUTIIAT 11 Sonic Limit

Vapor Specific heat ratio, r, = 4/3 = 1.33 ( Poly atomic )
Universal gas const, R = 8.314x10 *( J/kg.mol.K)

Gas Molecular weigth, M = 120.92 [ CCLF, |

R,=R/M =8314x10""/120.92 = 68.756 J/kg.K
T,=333.15K

0 _ Aphg(LRT)?
simax 2(r, +1)

(12)

1
x[(1.33x68.756x3:«;3.15)]E

= 4.388x10 °x 91x115.63x10°
2(1.33+1)

=37,332.46 W

3, MMV 1 Entrainment Limit

L 3
(=L 9 0127410 22910 7 65.10°m
STON 2 2
il
P\ \2
Qe,max = A/hfg(zrnvs)z ( 13)
=3 }
— 4.388x10°° ><115.63><103(M 2 — 259,85\
2x7.65x10

4, M3MMIUWIA 13 Boiling Limit
k= kl(k +k,)—@-&)(k —k,)]
(k +k,)+(1-¢)(k —k,)

k,=0.053 W/m.K

k, = 1525 W/m.K

g =0.672
. 2 0:053(0.053+15.25) - (1- 0.672)(0.053-15.25)]
T (0.053+15.25) + (1-0.672)(0.053—15.25)

= 0.169

Boiling nucleation radius, r, = 2.54 x 10 “m

-3
Critical pressure = 20 = w =34,724.4IN [ m?
r 2.54x10

n

107
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2rL KT, 2
Q) e :MX(_O-) (24)

p,In(y o
r.V

_ 2x 1x50x107 x 0.169% 333.15x 34, 724.41

8.375x10°°

7.475x10°° )

115.63x10% x 91x In(

=5.134 W
£4 ]
114mivmam'lﬁ’mé“@]51miawmmm%’auiummummwﬁu 200.58 W cdﬁmmmu

= o o =) ' = o o/ A u’»}
"lJWlnﬂﬂ"lJ’E'NﬂﬁLﬂfJﬂLWiW%’]ﬂuﬂﬁ%gﬂii’JMWmﬂWﬂlﬂﬁﬂﬂﬂ‘llﬂ\iﬂﬁm@ﬂl!l!ﬁ15]3‘].]533“%1!"1]1‘!1@]%@\1

Y Y = o ' 9 dy Y v A
mgmmmwm"lwaimm”l@mﬂ TmmGlumiﬂmamﬂauwumGl%mmsﬂszmmmmﬂwuma

& o voa dd oa 4 4 dyyd &

VY94 S.H.CHI ‘ﬂfﬂlﬂuﬁuﬂﬁ@ﬂlﬂﬂ’)ﬂﬂ%ﬁqﬂﬂ ﬂ’Nllﬂ’dWﬂlﬂaﬂuﬂulﬂuﬁﬂuﬁu\161ﬂﬂ1ﬁ]1ﬂﬂ13

[ o A d! [ 1 =} 1 Y o A .
mammiﬂizmmﬂmmwmﬁammawamﬂan“lﬂuﬂan"l’fluwmﬁamm Kreith

1 =) o

@ 3 < a A o @ A 09/‘ = o Y
ANUU Gl.uﬂ31mﬂmﬂmsmzmmmm ﬂlﬂiﬂﬂﬂﬂ]@\?ﬂﬁlﬂ'ﬁ]ﬂl!lﬁ]\iﬁ?llﬁﬂﬂ1ulﬂfJWﬂ
9 9 dy = Y] 1 =1 y 1 an I
Gl,umﬁmmmwmuummmaﬁqﬂwmﬂﬂmméumam‘lﬂmmmﬂmmmm Bt uan
] 4 = Y < o A
V1Y qUaULae U937 100 Lag mm“lwaimmxﬂu R-12 Tﬂﬂﬂ1ﬂ1iﬂﬂa®\1‘ﬂ1¢‘m%ﬂaﬁlﬁ —90 93fM

%30 270 pasnauiavesyuuedda luil () lunguiluuni 2

Tagagila Q va4 Limit Naviag

Capilary Limit = 106.91 W
Sonic Limit = 37,332.46 \%%
Entrainment Limit = 259.85 W
Boiling Limit = 5.134 W
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A10e19MIMHIY 1A K, ( EffectiveThermal Conductivity )

o o ] dyd ~ = & = 1
lumssnudedniiiunsnaaosiyuda 11l -00 o3¢ wag Mesh 100 inan 19909

[ - IS

QUNYUIMIAY 4-5 DIFNIYAIFEA

AT
91 Q=kA—
Q AX
i k=98
AAT

Y
J a 1 J 1w -
NONDAULAIVUIA ¥4 U ﬁl&}uWWUﬁuﬂﬂaNmWﬂU 1.87"‘102 SN

2 —2\2
ey A 7[2 :7z><(1.874><10 )

AX =0.25 14813 ( anueludIu Adiabatic )

= 2.75x107* v’

E4 v
TumsAuINAIINUAANNITNATE -90 BIF1 Liag Mesh 100 ﬁﬂ’JﬁJWNﬂJ@\?Qﬂ!WQM

101 4-5 D9FIF AL d

M AT, = 27.528 esrsaisad
ATt pipe = Te = To = 53.01-49.00 = 4.01 e9rsaisod

Lﬁaﬁﬂﬁqmwgﬁmmﬁw
_200.58x0.25
BT 2.75x10 x 27.528

ilpAniigungive wWamea TN HBIAL HIUAILLLY
_20058x0.25

T 2.75x107 x4.01

#79819M3MUINHIAT Heat Flux ( W/m’)

= 6,624.022W / mK

=45,472.68WN / mK

Heat Flux=Q /A

Heat Flux =(200.58 /0.000275 ) = 729,381.8182 W/m'’
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MAKUIN D
= d 7w adq ¥ o Iy A s
MINd 2-1 ugasmstiisudey ginsaiiagangiinldlumsnaaes du mes luiines
a da = o A o v o J A
grdntinnuazideage nwams i 18 luase a-1 i ldmenuduius e ldTunans
(2 ~ =2
NAaIAY U7 n-1 09 n-4

H a YY) :.’l [y J a Jd a H
M9 A-1 HAAIWAMITOUINIURUHANVBIRITANG 4 NUIMBSINFNB3D19D9NHA M

az1veAga
Thermometer T1 T2 T3 T4
28.6 28.3 28.3 28.3 28.3
29.4 29.3 29.1 29 29
29.9 29.9 29.8 29.8 29.8
30.5 30.3 30.1 30.1 30.1
31.1 31.1 30.9 30.9 30.8
32 32.1 32 31.9 31.9
33.2 33.3 33.2 33.1 33
34.2 34.3 34.1 34 34
35.2 35.3 354, 35 35
36.4 36.4 36.2 36.1 36
37.1 37.3 37.1 37 37
38.3 38.3 38.1 38 37.9
39.4 39.5 39.3 39.1 39.1
40.2 40.5 40.2 40.1 40
41.2 41.2 40.8 40.7 40.7
42.1 42.1 41.8 41.7 41.7
43.2 43.2 43 42.8 42.7
442 44 43.7 43.6 435
45.3 45.4 45 44.9 44.9
46.2 46.2 45.9 45.8 45.7
47.1 47.3 46.9 46.7 46.6
48.1 48.1 47.9 47.6 47.6
49.2 49.1 48.7 48.6 48.5
50.3 50.3 50.1 49.9 49.8
51.2 51.3 51 50.8 50.7
52.2 52.2 52 51.8 51.8
53.2 53.2 52.8 52.8 52.7
54.5 54.6 54.2 54 53.9
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60

50

y =0.9966x +0.1163

R’ =0.9998 /

40

30 +

20 -

10

10

20 30 40 50

aitledann T1(°C)

311 -1 ps1l@euiNauvad Thermocouple 11 1

60
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60

50

y =1.0059x - 0.0177

R? = 0.9997

7

40

30 +

20 -

10

10

3

il

a
N

20 30 40

aitledann T 2(°C)

2-2 ns1laeunauves Thermocouple 12

50

60
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60

50

y =1.0116x - 0.1348

R =0.9998 /

40 1

30 +

20 -

10

10

20 30 40 50

aitledann T 3(°C)

311 2-3 ns1ul@euiniauved Thermocouple 113

60
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60

50 +

40 -

30

y=1.0143x - 0.1938
R? =0.9998

20

10

10

20 30 40 50

aritleann T4 (°C)

311 2-4 ns1l@euNaVYEI Thermocouple 11 4

60
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