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A loop heat pipe structure includes an evaporator internally

defining a vaporization chamber, in which a first wick
(21) Appl. No.: 15/821,719 structure 1s provided and a working fluid 1s filled; at least one

vapor pipe having a first end and a second end, and the first

end being communicable with an end of the evaporator; and
(22) Filed: Nov. 22, 2017 at least one liquid pipe having a third end and a fourth end,
the third end being communicable with the second end of the
at least one vapor pipe and forming a condensing section,
and the fourth end being communicable with another end of
the evaporator. The evaporator, the at least one vapor pipe
(51) Imt. CL and the at least one liquid pipe together form a loop for the
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F28D 15/02 (2006.01) working fluid; and a grand total cross sectional area of the
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F28D 15/04 (2006.01) liquid pipe.

10
ial
s
/f
!4"
Tl T 8 S O pyinngnomp RPUNICEFRNLE e e .,
SO ST o =3 2 R "
Mﬁ%ﬂwmwﬁm%% SEEETEsEEEhEs RN
,!-*H:;_ _-"'ﬂﬂ"""ﬂ"ﬂ"”-.l .q.- ::_ ﬁ--- H '! ,_ R T ‘u& == -,; AT .,. 1 __I___"I" _""""'“ﬂ"“ _T_T__- --;H- -- '_h ) .y ‘ :h"‘--.
i e i
. :- 1‘*11 %:::_:::-:::_:: ....... L E g
L T . . o B
. g i 54 E;Hﬁ-elﬁ’ﬂ:i‘fﬁfﬁ"'ﬁﬁhi‘i".i:.i‘?ﬂl?.{!Eﬁiﬁ"ﬂﬁﬁtﬂ?ﬂI%}Mmz%&ﬁ!ﬂﬁmifﬂﬂ?mzfﬂii']’..{;.‘ff..ﬁﬂﬁ. o X {" %
' 4 : !
LY . \ .
i N 117 | %
% RE #"1 56 ) \ E
5 S I
§ E: e 1 E) O \ [3 E *
i ] NECENE I INBER
il SRR Sk -
i A EERRRBRERERREE: NN &
RRRRRRR RN EREE R L
gl — N RN NN R |
':__ : :} . W&?ﬁ:% L ‘m _':'-_.'I:'_. I- "i:"%h ‘t".l""“'y"' BSOS _:‘*‘f't_}{f%’!__f X : E}“ E
o \ L T |
& e e ;
g —— — —— — ~— M = = =] | — e = = —_— = - - L _
x Egﬁm;ﬁ?&;ﬁﬁiﬂjﬂs . .._-._-._.--._.-_._._;--._._-.:-.-_._._-...--....._:.....--...__....--......__...--....._.....--...-_....:-:....-_...--...;_-....--..-_-;...:“-.-_-.:--..-.- i_. e A M TR T e A e Ty P e " B e T T M, P W, T e P e P, T e W Y-
e e e ——
Pl e e T N s S
(g RIRN NN NNANNEHT SERNNENS | \
R 11 NN R RRRREN RN AN
— b \!u_*"'.: "x.: MHE-E‘ ':::th‘" E:T"i K m"'x 133
/ é—g ﬁﬁﬁﬁﬂﬁhm‘iqﬁﬁ R - S
o AR RN ERRREER 194
19{, I‘TIE ' Qmmi‘:%x Z:jgkt: B
R MERRRERERERR H




US 2019/0154352 Al

May 23, 2019 Sheet 1 of 12

Patent Application Publication

[ 81y

\q. . = > ~ . ",+ — .um\hqu“\m.“\%.“._\ — — . ; __“ .\._..m ..___.nf.._\.w.“\m .___...m,.m \Eﬁghxm \LH\E\\W“MMVEM%%MNM ..“&.m.__“.
/ w #
rer BL11 G11 S/ / .*

m Uit B84

!

/

011




Patent Application Publication  May 23, 2019 Sheet 2 of 12 US 2019/0154352 Al

Fi1g. la




US 2019/0154352 Al

May 23, 2019 Sheet 3 of 12

Patent Application Publication

e R T e e A B e e e A

iJJ‘.hh'.’f#J‘.-h‘H‘

' A

LT L8

L]
1

nel

L rry
Wl

Lt

AS

LR
Pl

‘ Lt
VAL STV NN

STl M L SLE Ll Lt

1..«.:‘
“;amr

pacpc ety 26 ac

\T AT LT
§ RPTTTEHH H

iiiiiiiiiiiiiiiiiiiiii

‘;_pl?,i:u:-:u
1

e

L] {f

TR TS

3=

ool el ol o

#: P

o il e 8Y
A
NN

)
,,.,.
N
\
:
N
\

s STy

eyl Frwlr Y At vl vk vy e e A vl el v e ey v P e e e e e e wwirdk rviein e e driew ewh denir Peerin el

o e ool B il e g el .l.._..f_.r....-_...l....r.

A \: H £ A iy A
NNNENNMNNNE
NN ANGR NN AR R
S ..f. 1 i
; X NN K
\ m ", i
SEMENES . N
ni fd RS I . I ; K

LT

mrrrrerrh o erhAdnrhnrhonrhork Ak A ok A

Al i -2

WG ENS DI PELENPD

Pl L,
oy

AL LA

b
e
"

LAl LLL LS
A LE TN LTS

F
ha!

3
E

7
WA LA

marg

g

e

]

7, +££!¢Hm

o

R T IAIEL T
PR LNT I I ERIIVIIELL

3

ol e

vy
N
rrL
r

zfzﬁffgfzﬂ“wg
Iffff!ﬂﬂffff!ﬁ

madrrhAArrhoArAaordr Ao mAer errfrmt erhAarha

PRELLTTTTEET
-

¥

V25Tl L

L]

Lt . k. . s . —
r L] - ", ] o ] Y :
, o s ' . A Luunw.. R

_._.....t.._.t..__.f_..__..._.t....t_._.i....iftiiiitiif&ittiiiii-I:ilfixl#iftiittpirt

=T

m‘l...\....'“ulu A

‘. r 1 - * N
- . r . r T Y - o
L - r )
- r -

n « T4

e - - x, -

I
i Pk wee ek el et

mamr .  ammm. rnm ar  wmam. arn - - - ar

SC2 RO

p
I A e e e e e o e o ca
e yEm e L ol o ] b

s

DAL IR hac

i chhabbhs ke ahleskie ddeskier Lekhald

mIX' IJXF CIEN WK

£
¥
#
’
.‘

Y oy . iy

/
Bl i

UG 1

C P ey ;i%;ix

PP FYIEE? Sl ey kb b b e ek f—ﬂ-ry.. ;
ey G i iy iy L
_..r..l..a..f.._r..rrl..._r.fsf*.f.f‘i;ff;!l;f’aﬁihffsfﬂhff. .

#_

M
49

r ...l.. LT T el LT Al E_T e T i Ll

i ST ST T o Ly | 4

.._....r
4

g%i?%l??%‘ﬁig T w2 L R an L EJE‘EFEEEE E..lg IE:?EEE‘EEEE!% mawr e . mmm Lrmar araw mmr e .‘
. . P AL AR LMW ARSI AW TR

E......E.ﬂ EEEEE 3

P o R g g g e A el ..E..tl......‘._...i.. P it v gt R N At A .I....‘....i_.....l.. AT S K SN A NI WA A .._‘

j ) ]

e Ta ;
gyl

vl

“"‘*’ﬁ
!
2

.ﬂ
.
A, N, i ._.._....__,..J..

st b i, e e S ol

RS R T T T

e AT S S SR e i S s e mon me s el

AR IR ey

'y

g

NE
.H., 5

.ir‘

gl

]

RN B
P“L -.’i"""" "I.-"LL ‘H".'!""Ifi“"'"l-i‘

MM

. 5 b &

1 gl Hﬂ:ﬂ#%.ﬁhﬂJMﬁhﬁf&*ﬂkﬂmhﬁﬂﬁ!rﬂﬁ.ﬁﬂ
" n 'I‘-
L
lag

‘
1a L P

i

s sag gl b g e g

k]

k
- L

SN ot R R G A AN RN A R A N N o D S A A T i T

dad

1
i
e

A= ATy

For gk gl i A P g it
¢
= '*L A

K
[
A -ﬂ'

ﬂt

Y
’55%‘
Xy



US 2019/0154352 Al

RN NNBENENNRNNDN M I N R NESBYRMISES
SR N A RN RN R R R
S| R R
. . \E NN NRNNN . NN N /
BRERRRERRRERREERRE: SRR
NN BANNERNANNN NN NR NN BN N
SRR AR AR EERE R RREA R R R
BRERERRERRRERREERRER NNERNRNE m 4G 1
5 .n.n..W o o o h'w o Al V n# Tt ] e A A g s e t J o b .W,umh Hiwu...,.w Ll s e g 3 : ey
T e A T e R A A e C nm MM e emi ns W ms mm MM Smn e A M oAn S M m RmDome mnotmnons meome mnome s “ u \\\
i b M Py B S, AR AR AR wne i e o kARG e A |
L e s e e v e e e e e e W M W S G M e e e e e A e M e ¥
et = s ,ﬁmmmmmmmm;,wua,“mmmm;Hm;_,m;wwwwmm“MMM s
_H oo TN T iy ol AN T hesdt Sl N S EEEE..HW R gt N

_—m e o mm e e o e e e e e o e e e e e e e e e e bt b i v i "o P e i ki P P *m Aohai g iy
L+ +J [+ 3 b L+ ] L LT Lt by P E LR & T L AN T b H LE =+ ] L Lt H TLEL3 b K LEA S BErL [k + E T Frf#ﬁ#;#?f;.rvr‘ ’lﬁ.’l’f.‘.*rf.fﬂ. F*rfiiffrfrfr*‘f.}r 11 E L+

At bR bRy ShlE BT Y Sk WA Wb bR Sl e AR bR M B WRRRR Nk Y Wb S b W e R WY R

!
Yy
y
|
j
E

E

E

E

E

E

E

|

E

E

E

E

i

E

E

|

i

E

E

E

|

E

E

E

|

!

/

i

e

o

Y vt A ek Yy Y e v wwie? e Yer v Arere e vl e B vt e e et e T et Aeerber rrier? e

[+ = 4" 8 4 _F § F + 3 § JE. T N RO N L [+ 4 B g k] -
™ mras Laer TEEEn maur iE N manr mw arm mess . men. naws o - Eema mrm me. ran e mear o EEs maw o= ramar aurm worn n [

May 23, 2019 Sheet 4 of 12

Patent Application Publication

e , B
I ¥, 4
et o Rl 2 = RS T T T e T T e — f i.mM
| | R e B e ; .ﬁ.nf o LA TSR T A : -}
: . ) : . x
m h NNER N S ERTNRREER S 761 %
N W M AN NHR NRERRERRLE “ N N , 4
¢ b / e Dl N AR NN RN N . AEY o
m v J % S " ” ﬂ ” ; 3 ﬂ f t 1 ..M By m
L / RERR BRRERRRERE It
m 3 'S NN D NN | NN NN ” N I Ryt
t ” 12 ’ ..{._ % I I N A : K N : iy
m . ﬂ : ﬂ % ﬂ , N N ” NN f N i
% LA
M ﬂ,xnﬂ ORI RN NN NN " h h
: N NN NENNEENNE 3 X g
) m 1 [« & A LX N - N N P - B E."rm
b [y
) -
P 061"
: 5 e
] iy
081 | m G 8
: . ﬁ MM <
. | : : 06144
) | : LEd . M
$ Jf * I
3 5\ 1
h IR
i k Y
B3 4 1l
y &
m ; uuunﬂﬁ.ﬂuﬁﬁdﬂhﬂﬂauﬁhﬁﬂhﬁ%wﬂhﬁﬁbuﬁ?uﬂwnﬂﬁnﬂﬁﬂﬁn uﬂhﬁﬂhﬁuﬁndﬁhﬂﬁﬂaﬁhﬂuﬁnﬂﬁﬂﬁuﬁuﬁnf ERFT TN _ zww
£ - = F b ; X A
\ ¢ — : . : : gt T e e ; FC1 B
/ g T ” IR S ; RS Ny oo Vg o 1
T e A e T T P T T T T T e T l.u...r..r..n d - ..,..m ' T L R y . n.\ ,M
I e et PR H ,E;V*Hti,,wuﬁ..iiﬂm / A
T T £ Padieihalhalialatiatly A/ id
..f. Rt Y L ol SERRES u ] — ’ iy . * —— . . “ - A T e m .-ta.._va. ,wm,.;
W B RN WOW R AT WO WA WY RO RFY TR B W TN BT RTINS W RIY WO BT W W AT WY AW T VIO B AT A RS T AR Ve e wee " -
N\ F R R A N T A T R R e e R e A S e e R S A AT e 2o ™ Hm AT e A Ag o hh...ﬁﬁ _L.,.
.. ) . L B iﬂ iiiiiiii
,._lul...il - ..__ - u....... K :.1.. T i .:.. [ —— a J— ....:..n mrks  waohn rhrh e =
- L e e S AR A AR S IR SR A
\. W e i g g ; ‘ s i ..» R e "..... e n ._n.?.ﬁﬂ Rk S nn?h.1ﬂ?.h”ﬂ+.4d¢ﬁ..mWﬂ.fﬂwihhiwﬂ.ﬁn?hhi1- 11:11%1.,___........M..itr:nin..n%n.“-!.:.i::n::ﬁ....ti- u
u._.._ ..W r t ' ...... ! ? .. - ..".. .” = ...1 . 1 ._- ..1.u.. k “ __ ar FEiEblEirt}fEi&EtltiE m
H{n.ﬂ:ﬁ»f’ . ar, . T Ll b .1 .-nu.lrﬂu, 11111111 ..11.....- ..n_ ’ ) --.__,. . n.- " R ! “ * ’ _Wf.. - ._._... ” ’ r ) ekt kb ek wmer e L ek el “
\\ ? ] , ot . S A R S 1w,x iiim
¥ . S RN S Tt e owm e e oam me A m ot
. * it te el ct o S T _ SRR STt sl Yo 7
M w M ._.ﬂ..ﬂ.___.....__ \*Hﬁ-ﬁ.‘.ﬁ.ﬁhi;.\l..ﬁ#‘\‘*lmi A LY I.L..l._.ﬂi..!.ﬁ..\.‘i..ﬂ._.i.._.,.1I.i...i....__.I;ﬁi‘h.ﬁ.ﬁ.‘kﬁ.ﬂ\.ﬂ...\‘hH.ﬁ.‘\:ﬂﬂ\.\.ﬂ...\\.ﬂlﬂnﬁ.*-ﬂi‘\ A AT AT A l....-...‘:ﬂ.i:.h...._..._._.ﬁ.ﬁ.‘.ﬁ.ﬁ!.ﬁ.i..‘“..waﬁivlnl.‘*hﬂw " I.........l.ﬁ.t..
j / \
Y
& b1

el



US 2019/0154352 Al

May 23, 2019 Sheet 5 of 12

Patent Application Publication

" J .
- ]

yos1y

BRRRNESR IR R ER R EE RSN
R R R RN RN RRR
MR R R R RRRRRINRERBNERRERRRRR 061
N N B N N K EINENENES BSENER
:ﬂm Tﬂ,m ﬂ //“,m X “ﬂ M m,,_/i \ ” m ﬂ m \ W ” f/,,m %
NN NANNNRANN NN NN NN NN N NN /
. SN 5 N N RINRINR RRR
NN . N L BN N NN
Y - N ﬂ ﬂwﬂ ."ﬂ/m _\ s
\ m | N mg ”ﬁ” ﬂm [ 36 1
ﬂﬂukmwu crmd iy -qmuwnma S r.nwm.E.umn e AR u..r.,. ./. -4 . .. " E-w. " £ r’. - - ” s .d..n...mm..m..h. , :M = m \.\ \\
[\ e e T S A T e TR TS /
L ..iiiiiii..ii..ii..ii..ii..iiii..i...ii......u..%i....m.m *
platelielafintotaolafylintalyinihefiofuaielinteieiahalothafpieiafainthahuiah |
= )
- g g g o g

S Bl . .

;
:

AT TTTN

OIIOIIT IO LI ITES
WIIIIIIIIIII[“

N > T O I IT T IED:

OGN
e
qnnn]

VLML ETLTL LS

'/

V

VITIIVI
(7L

+ T 3 k3 k3 k3

£ Ay

-iﬂ- I..-hll...._ﬂhhwl- ___.......-._-..___I L ...l -\N—l m..l " L r .-1 Fy & - . _....“ o - :l li- ;

A
Z.

I I I T T I TR T T T

ETETILEEIITIITED )

VILE LT ELELE 7

EIEIITITIES ST I s
IO OEIESCTIFE

WOV IFIEIETEIFIEY.

UL EL L L

(LALLM LM EL LT

(LS ELTLELEL




US 2019/0154352 Al

May 23, 2019 Sheet 6 of 12

Patent Application Publication

*""""hn.,
* '_M”‘*"ﬂhnh“--

:-w:—:--n:--ﬂm

et L .

A I x

&4

INRENREASREANERNNERNAERNARRA:
T P 1 d ” ” E “.“ .f“
Y f." o * s E F i ..:“ :.."
r "ok _r.“ 3 g q i 1 ;
. BN NE B B BN L RN BN Pl BN i 5 T
| i " - u.m., BSEAS ww.. * + BNE E

= = i

# L]
I
A o A g A A B AR T e Al A R T 5 A 0 P A A Y e il g1 e P (A Pl b B e = R A W i E.ﬁh. 1
4 F
E L]

n el Pralaliir Y » = 3 - .n » 2 . .y we- N o .- - T - - - = My
Jni.!l_1..1___.!S:ﬁii!%Tiiiiiiii!j‘*i!.ilia%iii;i L R VR T TR WM FHER VR YRR PR RRRT ORERT T

g
T TR T
F 1 4 WP f 1 ] [ 4
3 £ & E-. 1319 3 ) i A ;
E b F y 1 s T - - ¥, ¥
i M A . ) o P

: ] : T < :

| ok ™ o 4 19 ] fm
4 : - P o3 i 1 '
: 4 [ i { T, g s ¢

3 A i, A R - w9 Bk N e

- I i i i e e o i e, AT L Sl ¢ L il S e i T L 'l o e [ BN | L k LRy N LB D e .~ g )

f:z“_l‘-- I

[T T TIT
e

L R T
.

qail
L
\

\

ﬂunhnﬂuﬂmuﬂﬁm.wuﬁﬂuuﬁnuﬂmnuﬁhgﬂ%g%ﬁhuuﬁwmﬂwﬁgﬂﬁﬂ muﬂhﬂuﬂnﬂuﬂﬁnuuﬂnuﬂﬁnuunﬁﬂwwﬁﬂ. iﬁﬂﬂﬁhﬁﬁﬁ.ﬂhgj

Lo a s B o e o T o T o o T

- - - b = = ek miiiek vpiele el Wkl skl e
- - - . - e T Y . - o -
.__-.r..._l_..u?.‘ ™ an u . - - r = i 3 a i i chigih MR Mkl el bhdek Kk dedw
. ! * . . ; * e smue ey mems  asas  umes  sepe
] - - 5 W' F ] b ' P |
. ] r Tr , » - MM ARG WAL R AL WAL W
. . . - ] a2 W
— , o . . a - a - i am " mur mw - am ma. am
“..._._._..u - - r r L] E ' w L I R
» * = = L
i - " f ' - - t ¥ 4 ML WS AR e AnE B e
L r £ ' _ = [ h__._,. F . ' l—. " b " - - [ — - —— - -
- . Poa . ! LI * LI T i . - ' N * [ Tt .
aa . . . R » - E [ 1 - ! Pt W R BPRT R R AR
e L e . ” B L T L e e e e ot o wom wm
L] 1 LL Y
pd . ! g FJ m b i L
g r'. - _Hu...u_:__. e ol bl iy Tl = LVPE T SRR L Hrn_..._._.__.l-l.r e oy il ..-__.__..rl.fﬂ.__._ ke g oy i g S st g il ekt gl gt e . ey i o i i [ LIM '
- . L] 1wl wrw wwrn %éﬁz rers wv v vwrw vewr Iﬂﬂ‘g.ll FmT rmw Trwr  rrer el 1$§‘1! wrwr: rwrs  wTr Tl rwrw T
b ¥
L . ] -
i .Iu.____...__._.dl " . e y o v . ) o i mmw mm  wwr om . - . Y - o pe_r o Y L o e s n o
rnd ' . . b i e A . S B e A e e . pRCTR L = e . . X =r
‘. . Lt A e i e hoa e A A A o s S U A i ~ o i 5NNn
i i wwes  omim biak el ke sk dabA cigipk o dgeie gt i ikl el mikiel beier Jomil  jeldel ey Cmicly  pear dawr  Gapk  kmk  Rmirl clite miphc xmid milm sdak.  Gakir eyl jkiels dnke ey sk [
. = . M 1_!-i'iiiﬂiik';;i';ii!i?!&l?#l?gi‘?;il;gil el dpime imbyl geple s e e r,
l._ﬂn.“”m iiiiiiii pracmn ) - . ch L, . a - s = - - ] ror L. EEEEEE*“
* . . " - -
. e oL " i o Ll . a ' o, “u * N ' q__ v . ' ™ [T ™ A MM AL [TTATRY T
- n 'E ] 4 ' 1 r . y
T, - a tmim mear mms ot smes osars oo
- L Y | g L ] Tl Ll m
E H ..ﬂ"”ul - 4 [TTRT TR wr omae mws swu’ s owe ...1
T. " . 4 ¥ T PR cWRRE TR W P __\
“ . o W T - 1 " Y ™ ¥ . MW WA W W e T e “
- - L] - -
“ " a . * _ Fl . T - 1 .l..-..l — n T4 — ..._. Inu i.. ' .t : .Il-.!. ! r L imr mm map sma mem wl lme - “.I
L ranm ~
» Tteaf - ]

ol 4 4
A e B e e o e o i e e A R i o e T A i Tt it s i s W e 3 e i N A Al A st s il o M B e s s o o Al s i Tt s AP i T Pl e T i

/ /
/ VA
BL11 a1 4

B e i e o A e e i T P o ol AL s T B i e T Al s o

- 1
L3y

A b 2

! A

1
S

e

|
iy

Bl
A
\

Lot

b |
g

P

o
R
P
i
3
| LI

1
T

LI

-

N

=
€3
ek

T R ol St A W B W S S B i L .h.“ s " A B A A A A

-
Lty



US 2019/0154352 Al

May 23, 2019 Sheet 7 of 12

Patent Application Publication

uel

vl

uﬂnﬁﬁﬂnﬂuunﬁﬂuuﬂnﬁuﬂuﬂﬂﬂuﬁﬂuuﬂﬂﬂ e A e

o=l

VLS fi e

4D
e

i

o s il e B i T 0 A e T ol i o

i
(e

.

W
P
0 o P ol kb

ff’.’ A A AT A A TR N A AR A AT TR AT ANy e

¥l ot e bt 2l R el et et 2
1 e

Ny

L iy . Bl 2, W T . T T Ty s By . T B

o gHEA=
R

Sy -
Il._...__..l._.___._ a1 ._;J..._H“Iuh.

T S A N I T T L e o P e T 2T T e T T e R e e e ._.n...._.

A
-

A iy

e T e, W T e T e R R ) e, e, m

/f. . R, A B L A e A T NI M M WA AT T T T, YR L
%4 A o Wk s,

Bt e N o > - g :

/ ;

/ 4

2iel

e e itk

N

A

e s

oy oy oy oy oy i el b nuuﬂ_._

FHFH

o A i o T I S T e e A I e T o R R

% N
.nuf ” M i 1 b3 .”M 4
) r \ J..“ i I 1 E ) _
Y ™~ : M NN N NN N
: S ; m MESELE
P D4 RON N : m ” YR NE
14 AN NENEN 5 ;
hn.r._ d 5“.- ....n ._.“ [
X . S HRRRNHNR
RIS 3 NEMNRNNP
ol et P s o et o

mrbr mfr vheth TT'TMRAT v e oW TTAMY veTYM AR PPEOYEY TTTIRET O TTTIMT T e TTIORROT TR AT mfmMIT M R e Y O Tt T rhmer

FRL L -y Rl L. Lyl Sl Al [ o ] R S Tl b L L | L e FRNE L L Lo L L ol - Sl - e ]

‘nbldaly kbl cdebldek abekh chhebbh debdeh Lkl Csbiebp Belebed® ableleled cHekbie Jebbbek bkl Mbb' ddelebek biebd debiele blekelt belelele chlebiek bicleble Ghlebbl chiekbek oshHebl Hekle ebbleh

L S ATy U S i R i i el T L v R Pl W B DR R T il ol B W e

ekdey ke hhlby bhokles labhekh o sbhakh deabhs Gabhak o eshie o cdesbhs hebbhah o bk, dekled okl cbhoskh chabbdd Chblebk bbb dhiesh bbbk dhahls, bbe o ahlekle bl Lhiede ke

A W TR TR T TR O OTETTE O OTEEE O FTET OTIEETE T O FTET OTTET T T TP WO TS TR BT O FEEE TR MR T W

X
m
EE T+ L [+ K1 <IN .. EX} H I 4 LI | + 11 H_F . EF: i1.mr T L 4, iR 3T nm1 1R L. LE Pl Lt 1 | P ] EXN1 H_F | | ¥ 4 L+ +] H_F. ] EX .ﬂ |+ r_ #
o A P S S P ot L S e e Rt e -}
] *, . | il A
1 EI Y ]
_fm /n “4 ¥ N 1 i #
: N b N NENES N N - -
" W% K N ] 3 ~
- - “F i E ___.-._m. ] X ‘_. - #
AR SN $: 3 R N 1y
SENENERE: N T \ b is:
¥, ’ ; R g 1 5]
LY - I /IM E ] ! s ..-.'.
[] ..__.“ ” _Ih ] [ E] 3 ...iw _ M
4 - oW _#.“ N 3 oA N 4
N 1 ’ *, : K i X
¥ | [ K .“A“ 1.?! “‘J‘ L] uu_l.-.._ M
k P L “rg ; b vy
F N , i f'nm i [ ] r ) .f
NENENENENEN N ] X N .
__..rﬁ “.r ’ IJ.._ ’lm E] ’ F [ r#
- W [ 2k
[F T “1.*
~~ B8
et R
041 R
i
—
ol
261 96171
* X
N | LT - :
1.-_-—“:..
\ :
- (W%
g
] A
L} LR ey
Rty
_J 4 )
ol ol bl ol R B NN AN AV B Al A R A Sl A S o R Sl Sl L i ) Ma! .-._w
iy oy -~ ] FTRTS -~ e = }f*™m™ ™M =mr s - ) 4 b | ._H
4 o 4 - = L R . . e
-‘ﬂh.u‘. T1.....rr J. N 4 ¥ S M - ol - * [T ET [ T I Y ET WML KR I.l.“ wm rm.. #Mu_ . -_..m
N P T L ! . . L F. -
- - H . T x - .I X |
: - L 1 4 i
r 4 «ar [} ._..r B T T T N R S S T T Ty ..._“‘ ot ST | .J.
..__.n m.llfr_r.ttdr.f..tl.._.‘.r_... _ﬁ- W P " I npbpmp s by oplees jheply oyl phe sy “ ‘ w
cd 1 N Y e 4 Fr 0w 0 x0T 8 4 TR RN MRTW O WEWE WS, WO YR e “ h 1___-..___L. h.
. - N v it . mm. imr mm ma. umE ma R e i .
- - - [ 1 N F .‘ # o A
dahrfl, ..._-_ bW L Al e L e v v o e e e wr ¢ A .4.3
:ﬂﬂllh b ) " f. s = = tmE ww Em swa ww w7 tmm wewr w1 tmm mer mwr  cmm wwrs rmr cmm e amm wwr mmr awa wrwr momt qmrm wmr mmrn rmrm e et rmm wrwr wwrs  cmm mrw ﬁ i__v..___—t - — ﬂ
' ) ¥ . " - o | [ l-.-.'. 3 ., r "+ —..*' +F b ...
. gl B e e e S e et R e T R R o S e S e T o T e A e i AR ! e S e R o b S A e LA R R N B
1. . LT S L e el R L P T R L R L R N e T R k. ke E:ﬁl LT T T T L Ll R R T NN TH T N LT ) w - - . :
: it .- s A R e R A R T B R S R e o et T S A A A S A A RS R A Ry i ot A ; S ERa A
- + - L] . r e ™" T ATy e Lk T T L F Al 47T T B 1. ] |+ H. i, M =wr ST MM T - L .. =N T mnm? 47 = L -2 L+, 1. m |+ .k <FTr -m T H F. M
.....“ . ; ' * r ...;._...i....:.id;t}{!J;;}i*;;i};i*;;?i?;lii;s;fti{;fjtfi.ﬁ;i*l EEEEEEEE “
-r H ‘. r - . v . 1 L + T e < *
._IHW llllllll E P a Ta 1 a" ’ * -1 ' - - Y - F s L .“_ H‘”EH!H‘IHI’:”‘H‘F!FI!I“EH “
T i - B P w
.......n 1 L o ...1 . . . “L . o - 4 ot bl e e t
.-ﬂ.ﬂ“u; 11111111 [ " " .M T L 4 . -, L . . - ek, prah, ko o g e e
. ? L . u ) ' ' oy el ;e e ) “
9 4 n o 4 - L] . -‘-. . . I L .‘
- -._.w \ 4 " .__. ..... K . .”. r 1 . r . T T o e e T ) “
- - .l;u..l -rwr -y L L e 1 i rl..l.. w2k l.l..n Lz - ; . - -~ - - . - R L} H
?g iy > " .rr.-..."... “. - = - IIL“ e T . E“.“
4 A S A A N N S LR A A AR A A A N A T D AR A AN A A T A A i A

\\ _
afr

¥

N i
.
g

1
!
i
b1

\

]
H;fﬂ'l'

pl



US 2019/0154352 Al

May 23, 2019 Sheet 8 of 12

Patent Application Publication

i

EXPTTLEELLS

ittt L
et e A ol ek

wi//
s R
N B

%, B
I . V .H y
TS b 0 P e B P T T BT e S Ty <1

N -
L T M MR M “'
o .r._l:-__.? S llllﬂ”qc. P —— !.ll..m.ﬁ”“«" u_._.___..._._

+.w_u T », %, T, Y, ¥ g I T Y,

DT ENEL AT ITIS,
g
(P ENE T TP LTI

E"'wwv
g
o tpood
a

™

s
Eﬂ

UG 1

Lol

T

RS

ey

AN N I LTINS,

o el

g
E
b

Bl et bk

1R 961

i 2 i s “p _.s\h.
e

A

0 Ll ]

L LNl

»

Wrpempm
*
*
4
T
K
I:---l

] \
m _\ ; ﬁ \
m»ﬂ mx %

i e e ettt et el sl e e S o e S L 3
t_i .___m__:u___q:e:i o P v T S g 2 b P vy woo e b e e Ml b Gl L
&) w..._r.__....nﬁ.,E...u....ﬁur.r..r.ﬁF#.r.ﬁsr.ﬁfﬁfffﬁsr.rfil_ffﬁl..rfil.mfﬁﬁl..r oy
] k
) ; .
* s .
4 Kl :
#.'.* IIIIIIIIII lﬁ"ﬂu .‘ ﬂ ?“ .___.-.-r_-__.:__u—_ﬂ
.t .ﬂ I L LS TRl e il L T k' Lk} E T 4 ol BN " e H H H “ M Y 4 H
’ u N . . “ e ol WL L+ ] L4 7] ..IEl | 41 H Chll b .—.“:. .“..—.l-.l.l !“—. .“” —.‘.” el L+ 11 L i 4 MK H_F | -+ 4 EE 4 LT . ‘
m : . ¥ w g ak i LRRIEET T lﬂ‘.ﬁ., B e A T P o e u,,fiﬁ Y- A...n..__..: D A e o il m iww
X A ! i i 3 : ; 1 m Ly 3
X & nv Fy ¥ I bt ’ J.._n , ._.__“ f 1 k ’ - +, K i E u_ 'm.” rui TM”
B s ! RN NN § B ” SENE y ENE ~ J AL
] X k w I a i ¥ . ]
H _ﬂ .__M a (X J" ” M. E R 1 ’ F N f fﬁ v ¥ 1 i M axcs 3 ”
AR B YA K / T R < RS NA 4 N 3
y rw— m h apl L1 u’ E .’ . I 1 ; 4 . u._.. JMM
> : 4 * L .I ] f 3 i . \ iy
aE: H RRERBEERERRERRREBERRERINEE {0
h y b ¥ F ", E 3 { 175%,
NP B8 o8N EE: NI NESERENENES . i
y N ; & NN 1 N \; N AN E : Lo {uty
i » : r, K 1 ) 3 N N ] i k . R
¥ q o . N : . : 3 N 1 . k4
L £ w % - , E i Y ! Fa s
N N m X E SN y 3 : i . . LN
i 1 E 5 I 4 &
§ N i \E & NEARN M ﬂ ; ,/,,“ N N OBl X s
x p m X i % “th l .’ T_ 1 I l I 0 ¥ 3 N ms ”
w ._" 0 m 1 EN 1M N My Pad B ; Wum | h 3 - 4"
f" .'# 2 . " “ e #I.M
H ._.M...i.i.l : .u.......r___ w NM e ., 1!..,.“.“.
; ; "4
} N i3
m m o gt P T - X mw ¥ ﬂ.
} . K - -1._
; : GG . M
N m A G T Hr
= | L11 L
¥ y ./. - {1
4 M ) Xk
: } X\ {1
T 1 S o Y
: H ek
\ e AR
w w J ” ....F .M' i IW”
K £y A ¥ —o. m Y
N, ) .
Y L
m | ﬂw M.p : uﬁhﬂ%mﬁnﬁhuﬁﬂgguﬁm%uﬁu%g&mggg P ol A A T A A A P AR R I " . o fﬂww
1 4 - e ] : T T e e e e * wm ,m 4 }
L L L L L L L U U smeens. F s e wrwr wwe reem WO ST e A # - .
.__I” , .W. /._. ﬂ ...__.fr.-ﬂ!.._._._!.._r..mu_ﬂ " > -.. ....... - T . ..__-._. [ ] i F . - . - . il " s . n._ mor ot AR .MM ERM. IMF XN RNA. IiXF IEI..‘ L] > IH”
K k a L] r 1 ..ﬂ
.ﬂ. f .1.- » i .-.u. ._...h. . e * _ir m — .‘
X e e A T e e P T T Tl e B e Y T, e kT e e e . L - \ h : L, faa P s e oww oo ane uaw wn __“ ,..p ! ._"
1 ¥ [ . Bl Mgl Aded AR Myelad & i
ﬂ.ﬂ.”mfl.lt..l.t.ti..d-..t P [ . ..___ . \ o ——— M _rr..
\ + ' S . a4 a o E e T ke e T YT e wrw e oM ew TR R W | R
._#_.. r L] _“. " L .. - - . 1 H mans .Enan Em. mrmr s mEm. amar A “ .‘r rurw ....f.#
\ T 0 ) LA . s T et e e SE U e ww m w ¢ Yy ¥
b L i - c : . 1 ol - 1 | L M I 4 .__-.
l.u“..____.l..- lﬁﬂ.u.l.ll-! “ .____.ﬂn_...ﬂ_...u - ) " .“ . - .___... e M rwre EREm A R ERES U SErT B ERET SEEE BRSNS RIS SEEE BRSPS CEEE BFES EEET CEEE SE SN ERET CWEEE  AFEES  EEUGT WEE E AT IWEE W mEm SWEE Wrem mEIE WM mms raas m \ i.#w..!_-...-_ﬁ. Ilm‘..a-_\h#
A o * Ty A A I, i ! ) =, 5 . L o, ¥ _ h
/f( £ . ‘oA .., e e e S L S e R pa T b P T e R L e T T e e 2 e e o T o S O TE s i oL
-._-“u.... ...Iﬂ.l.. LA -.-... } . ..."..I.-.... ... rwbee AT e %‘a&‘&‘!ﬂﬂa el et demhs pmiemh e %&‘E‘aﬁﬂ e e e e o1 SR S %‘ﬂﬁn‘.ﬂﬁi\&. el Mrds rrhdl peed derrd el %ﬂhﬁiﬁg L TlnLLﬁ-ﬁTi
i “”M_ el L bl L e e . . 8 L. T Y. L) 2 Y,r. . . ...u . e, Loty .. e JuI L, T |....n... T i ._........”. Aor) g e o ! -._......... , -..q..._ : o -._.-. o L +.......1 3 ..-__.... - . ot .”... 3 .-.... .._.. T AT, ST L o 2.0
R R B R N A T NI A S B Bl . e 2 et AN R A N O S A A R A A s o e R E s S N R AR R
.._””.l ' " - . - . ] ' 1 [ + & L+ "+ N L'k H 13x3 | "3 " ] " k" +1 dMEE B [ "k "+ 13N | "3 " ] LT H B+ "+ | [ "R ERLI H 3 F gt LF 1 B+ &l [ F '+ "+ L H [} + ] T+ 4 E R EE" 4+ g o R 13N E 3" 5 Ll [+ " + 3 R " RN
; .iuﬂﬂﬂ e -ﬂﬂﬂ...-. - : o ; ) PR - .Li...uirlt{.unff.lttltimh.qfit:!ﬂ:r -ilidﬁkl:ﬁlkfuidil#kl?&?#ﬂ?ﬂtrlﬁl;;l_____...___l EEEEEEE m
#.ﬂ.“u EEEEEEE o e’ [ - * n.._ . . n_. . ) . -.._ . - L 4, a o .t _ ..-..._ , - P T o L e e e e L L .h
. w g . Pl oL . .__-_ - T r 11 \ X . . . . ". ._... 5 . - |-.__ . p AN FErd i ey cherd miee Aimte Ere T
oy ™ S T TR /
" 1 . - oo .H + . ' ' - M e ™ Y TR AT TR TR T
b T S A L T E L i - :m.u._ sﬂn.uunulllll- .rlu___ 7 g y "’ . - : N e T o m
/ : L - T A T T AR Sptiutanttu i Supbe |
* IR nasianas: e NN " R OIS ARARRRRMIS S~ ioniinamnmsnssnisnessountibananis TS IRSIESEE SRR IS
L__-.u__u “ﬁﬂih&ﬂiﬂkﬁ.ﬂ\ﬁ i N Tl e S A Y S A A R A A o A A A A A U S A A A A A o A A A A A A A A A o t..!ki.‘hl.it.lhi%ﬁiﬂiﬁm



US 2019/0154352 Al

May 23, 2019 Sheet 9 of 12

Patent Application Publication

0BT

/

WWMT&T&E?EWTAWMMMMMMMMW £ v

ORI,

]

Hg h‘;l:

DO TERLT I ELELLTI

n

RIRLET IOV LEET TS
H TR AT T

:‘l '-FH ™

2]

Lt

2

T
LEEEEE
DARLAT I

e

+...r----rt"""""l'l'mI
pIC0S
&
RY
.1
¥
R

3
j
4
|
A
/]
i
!
i
L5
¥
v
)
¥
/)
| 5
)
K
f
4
‘H

ilf

hob g d R h Ll

i
2
&

. -
N
%
ponei

:’_mm'm

o
e

3 _ /

e e S e R e Sl L S el B G e S e
e

ol
m:lln:':llﬂh

WA LT RT AT
e i

-

L d

d

4

oo \\
M,

" o ... J.J.J,_ AN . Pl ™ N
: 3 mm N NRENNERNRR
3 NNHNNHINNHENNANR
[ .’.[ I’- i 1 _”
NN NN HNN NN N
N N NN N NN RN N
" l 1 5 ’. u’.“l- : > _’
NN N NN EREEEREERE
SENENECENEN NN BNE ANE
¥ lw_ rgw ”l ym H... nﬂur..r.
hdapte bl b SR L B DL DL I B e S R L A S

mm EF] H o b I 1mr mn M LI ST KA rm.n KT mJ

i mi_ﬁ Foorryn

. EXr “n T arma T, . AW A .

4»01 Fafi g’ e

1

S TE _

’ ._4._",', ” ' 1 E
RERRRER i
INNEHNYR . HR

E 3
iy b

i

-4
st

"

=
-
™

VA EEEL LT III VIR,
VDL EP IO ELTET
RN TS AARND T ..4i

[ i
"~
L&k

[
Vs

o JFTEE FRT Ry

.ﬂ " Er@.ﬁﬂhﬂlﬁﬂ..ﬂ%ﬁuﬁﬁuﬁﬁr@hﬂhﬁh%ﬁﬂuguﬁﬁﬁﬁkﬂ%gg% P ol A A A A A o A P Al g ! . ]
- - - e . Py E - o - . 1= = AN ASES AEA  JEEU  AEEL SAEL  LREE LEam r
A , ; E
x .W “ s ™ * ' 1 Tu - ok 4 : - ; i - A * ] " A LI TSRO YIRS IR P, R VI S v “ Wm'm
a f F P L — P A ._.qu.. r # .w s i o i g “ oy, - . * L R CIE T N TR TR . . -
# “ - .. « . Fl ..._. i ) k .__-n - ﬁr ., . " u_n._. h . " oo » . o T 1 .n._.._. L] r T e P T Hee A T _‘ " .
1 ..-._._ ot . . - P * k . o H - * "Tr L . e e e ot TR e TR e ¥ t.fv
3 . . - !
o Fhmg > il_”m I L F nt = mrm  mm e vest e Es - ‘_ e m
o o’ - W .lr. .l...h ___-..-ﬂ-._._.l.n ‘. " o v -__ T 41 PR THRHE YRR RIS NERT FETTE TR TR ‘ _ff ..._.-. 3
“ . . - __? “ 1. a . - . - e, " H;.._ " Lr |.- . - - T B e L. T [ o, ul - - “ m ‘..*.. H..*
T - - i N r u % . c ]
i o L - - m_ - - - - - -—— ‘ - ==
.lﬂ_r.r_.ﬂ....r__lu.hl l‘lﬁ.ﬂ!ﬂl ! g * - - .u.,..- 14 T E .-._._.__-._ M N - s e RAY e R AT MRS e o 4”..”“ .1....”-
: e ———— - L T L T T L L o T T T D L I T T s e et o o ot o e ween ¥ ..H,..,._.+ e Al
h 1 # e :
! 5 A, e e e g T N R e R 3yt gt P e o v - A b A R SRRy e
ﬂﬁﬂ%ﬁﬂﬁﬂﬁggﬁﬂgﬁ#r ; A o Tt e i e fEirT PESERE A Ty = = mllna i 2k e S o Al T AP i o w3 e wivh wiar et m v i 15y 2f Y r - maawnis nm . mkiem frm shhiaid. ‘.....
1' L s e A4 CLudu Wt Ly Caane sama ujﬂn T L R L R L L s rﬂﬂg D I et L L P t...:u.-ﬂa Lt s u e aiur Eup dauu wpua R !.._l.i.
e . Far il
e e e e e e g .A_.,_..h..,._......q. - S AT e g S, L Y e M.._hl R B e A T S i o ms e ey 2525 i e ettt o A e T A
( 3 - : P A e e P e A e e Y o e e e : L !
m |1l -.a. . = vl 1 v mimy vt il sl e Ayt demdy pirer iyt mwr e sheic febk wkp; o myes drrd Y b ek el A tpee (el gpper e il waele bl et TS feify et ThrR
[ ] - - - - - - - - - - - -
ﬁ”“l llllllllll ‘H‘“‘.‘* ﬁ.‘".l.'-u L ‘“. h... ri.-“..ll .1.-4. 1!.-.;...”3 . ..gﬂr...rl.in .Il.....u.?...rﬂ! iinﬂ.rl...rl.i. 1!;%.1”51.1.‘!&.% “i.ﬂrrd i.nl.r..ri...r.!. j—lj! s LT Ml W T PR
i - M 11111111 [ - ¥ L] g TR TN e e e e o
| -+ . -t il mE ma L mn e mrT mw om
“ i M ) . - » I
......u % LI " + * = v rws ww e R W A
- é = ; * - .lu . L+ L B+ TRy N E I..I.- F 3 “HEy ]
“ : -. ¥ - RS TR TR P TR - [rer ey
“ - N . L t ~ K oras s wwee e sk el cuba s
1 .'l. - . £y - . - LTy - e -
.u. EEEEEEEEE e A L L I I L L L e L L A Lt i ] "L "l LA i e L8 e "Lt i i ot L "Ll i, A I e L Gl "t o o B i, e L L ot s e P s ol I..rn.....-.;bi....t.l.....-.l_...l..ti.“_ EEEEEEEEEEEEEEEEEEEEE - r = * -
‘ﬁ“& e - “. mitlaler  vhnkekin .r.t_.M kel bty blalied | el i




Patent Application Publication  May 23, 2019 Sheet 10 of 12  US 2019/0154352 Al

F1g. 8a




US 2019/0154352 Al

May 23, 2019 Sheet 11 of 12

Patent Application Publication

zmzmzmﬁmmzmziﬂmzmmmzmmm

b sl e

Ll

s T8

e T T

o B

r—

ﬁg:mmzmammzmmmzmmzmm

i

i

i

W

i =)

L

,_"‘\..

g %
,.-d"""’n= -

-
o
o pond
e ol

m.n " - SECESED NESER .A" N ".n SRS i ﬂ
_..._f... % ﬂ | ...,........_ -_w P ﬁ m ”f . H ............_ ,.._..._: . “m ,_ﬂ 4

N SENEN b N NEN N N BN R Q @MMM

3 NNENR RS AENRASNENNREER i
AN ARNEAN NN NNNN NN RNED /

N . b DN B R N NN N NSRNNNNM NN :
A - ) .f.n. b i N R o Y [ . 1 v!. 48 U ,_.”..._ 4 Nm.—“
N NER TNNE ) NN R NN~ 91 7
P & i i " N o ..vf.r NN Y - ]
h AN L RN EN R RERNERR - m
w.i..l,v- {n}\\mv “._,r.__ﬂ p : ool .”..m_huhuu.”nhnmmruw:hur-\uliu:tmfﬂnuuwan..u...w... ¢u_w|annn.uumumﬂn}u.Iu ikt : - ...__

I

v

f???,?’???????,??i&l

o

. .1;
- m Ha o C BT
T i e i i
[ §

FEE

WA TR TTITFTE

oo

o

AR
T A
e ’?J’??'qi‘ )

P2 TEEE

-
-
~

o

L L L

—

v

L
%ﬁ@ﬁ;%ﬁﬁﬁ.
RNRAES s umR RN

Sden

EeE e

L
-

-y

E:'-r

AR ETT TV
PRI FFZ VA7

R TEEEETETIEEIELIE

AR T T TR T TN

SR TT I
DEEFEET

Lok

£

H i ‘M [T
. hlrhnhtrrhmurfhhthnﬁtfrhh\nﬂuuunﬂtbﬂrn;rtﬂ ¥ imivﬂ%&rmhﬁfuuﬁnﬂﬂﬁﬂuuﬁﬂh ol S i st o e e o sk e o e o i e o s ey k \ W =
My VR eo... ~ At ] 4 '
‘. s m [ —— - wrw s s e
e i r] w o ' ¢ o v ’
LT —————— A7 . " ma mmi amr omm mmi ms me mas B .
. . h Cor e e e m b
. oL, - mwm omm rwr wm ww e wwm [ b
A . L T - - - - - =
lﬂ”ulllllll. "
.I' L L] — L L] L L] L - T " L] L L _— L L L] - S L] _—— L W _— L MR R R -_— L _— L
- Foow I L R NI L R, R o R, R R, i i gl T s it e o 7 L B L, L, B W
- - T T e FERH] UL Sy Py W] E N, R = T T I Y e o . e, . [ g LT P H T R, Y S, el P = Pt g i

U A r i o — o — — R ettt — o e b o R

B 1y
s, iy . i e (7, ey ‘o il Nl - b et plapely gt T | oL s e . g ey =" ekt ] g g | Lttty a1 3 ke ek s ii.ﬁlir}.{‘uii!ﬂi{.]ljiﬂyiti
e . R Ll e e Xy Y W W ) - AL - R e o R b e T o b i o i) i Tarad

4

.

: L ol
o h [

S pincia
]
]

RN A e S b A

]
e mms smn o G rm weu e e we mmm e Gmm smn rme REma mn s dema s W G e cAEm mme e e e s e e e e s s e amn ] i
F 1 .-_.
e mm cwm mW Ewl fEE Www FER WW B BWY WS EmC FwS EE EwC B W EEr rET WS Emt W M W fErE mm rErl SmE ww rEn wE e imi e mm ] .Id.. -
W la mm amy mm ma tma ma mm rms ma mm tma mm ma  Cme e L e s e o mami  cmm e ima ma mm e omm mem tms me mmy cma e ma [ : L‘%
m L, L 2NN TN P R T e b ] O o R O RS S FE L e U R - AR PEE R YE N R Ry ._._I..-_.
ol il - T L - et e i T U e c N i i, — i W TN T T T TR BT i " Y T e et i . = IR g P Wil WL P bl T [ e i Frl e alpally. SPTS Spn S b T mmr
e ww ww T W W R WE W TN W W W - ww wEe e ww wwe - rwm mw fvET ww ww o ww ww 1E.“.In

n . " . " . . - . L] .o | Lt - . s . - . ama . - '
]

4 T ] ]

3 ;
! \ “
]

]

i s /

._m
IR



Patent Application Publication  May 23, 2019 Sheet 12 of 12  US 2019/0154352 Al

Fi1g. Ya




US 2019/0154352 Al

LOOP HEAT PIPE STRUCTURE

FIELD OF THE INVENTION

[0001] The present invention relates to a loop heat pipe
structure, and more particularly to a loop heat pipe structure
that increases the amount of gas-phase working fluid flowing,
out of an evaporator of the loop heat pipe structure.

BACKGROUND OF THE INVENTION

[0002] While the currently available electronic apparatus
have increasingly upgraded performance, the electronic ele-
ments of these high-performance electronic apparatus for
signal processing and data computing also produce more
heat than the electronic elements of the conventional elec-
tronic apparatus. Generally, the most commonly adopted
heat dissipation elements include heat pipes, heat sinks and
vapor chambers. These heat dissipation elements are so
arranged that they are in direct contact with the heat-
producing electronic elements 1n order to provide further
enhanced heat dissipation eflect and prevent the electronic
clements from being burnt out due to overheating. In many
cases, fans with forced heat dissipation effect are further
used to cool the heat-producing electronic elements. While
the fans indeed enable upgraded heat dissipation eflect, they
are not always suitable for use with the electronic apparatus
that have a limited or narrow internal space. Therefore, the
space available 1n the electronic apparatus 1s also a key point
to be considered 1in designing a heat dissipation system.
Recently, the concept of gas-liquid circulation 1n a heat pipe
has been utilized to develop a loop heat pipe structure
(LHP), which 1s a loop module consisting of a vaporization
chamber and a condensation device fluid-communicably
connected to each other via a pipe, through which a working

fluid flows.

[0003] The pipe 1n the above-described conventional loop
heat pipe structure for connecting the vaporization chamber
to the condensation device can be divided 1nto two sections,
namely, a vapor pipe extended from a vapor outlet of the
vaporization chamber to the condensation device and a
liquid pipe extended from the condensation device to an
inlet of the vaporization chamber. In the conventional loop
heat pipe structure, the vapor pipe and the liquid pipe are the
same 1n pipe size. That 1s, the conventional vapor pipe does
not provide more space for the working tfluid 1n gas phase to
flow therethrough. Since the gas-phase working fluid has a
density lower than that of the working fluid 1n liquid-phase,
e tlow of the gas-phase working fluid 1s lower than that of
he same amount of liquid-phase working fluid. Therelore,
he amount of the liquid-phase working fluid flowing back to
he vaporization chamber 1s higher than that of the gas-phase
working tluid flowing out of the vaporization chamber. As a
result, the gas-phase working fluid 1n the vaporization cham-
ber could not be quickly delivered via the vapor pipe to the
condensation device for condensing into the liquid-phase
working fluid while the condensed liquid-phase working
fluid has already flowed from the condensation device back
to the vaporization chamber. In other words, the vapor 1s
blocked in the vaporization chamber to cause lowered
overall heat dissipation eflect of the loop heat pipe structure.

[0004] It 1s therefore tried by the mventor to develop an
improved loop heat pipe structure to overcome the problem
in the conventional loop heat pipe structure.
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SUMMARY OF THE INVENTION

[0005] To eflectively solve the problem in the conven-
tional loop heat pipe structure, a primary object of the
present invention 1s to provide an improved loop heat pipe
structure that enables an increased amount of out-going
gas-phase working fluid, so that the flow of the gas-phase
working fluid and of the liquid-phase working fluid 1n the
loop heat pipe structure are almost the same to thereby
largely upgrade the cooling effect of the loop heat pipe
structure.

[0006] To achieve the above and other objects, the loop
heat pipe structure according to the present invention
includes an evaporator, at least one vapor pipe and at least
one liquid pipe. The evaporator internally defines a vapor-
1zation chamber, 1n which a first wick structure 1s provided
and a working fluid 1s filled. The at least one vapor pipe has
a first end and a second end, and the first end 1S communi-
cable with an end of the evaporator. The at least one liquid
pipe has a third end and a fourth end, the third end 1s
communicable with the second end of the at least one vapor
pipe and forms a condensing section, and the fourth end 1s
communicable with another end of the evaporator. The
evaporator, the at least one vapor pipe and the at least one
liquid pipe form a loop for the working fluid. A grand total
cross sectional area of the at least one vapor pipe 1s larger
than a grand total cross sectional area of the at least one
liquid pipe.

[0007] According to an embodiment of the present inven-
tion, at least one of the first end and the second end of the
at least one vapor pipe 1s formed of a plurality of commu-
nicating pipes.

[0008] According to an embodiment of the present inven-
tion, the condensing section internally defines a condensa-
tion chamber, which has an end communicable with the
second end of the at least one vapor pipe and another end
communicable with the third end of the at least one liquid
pipe.

[0009] According to an embodiment of the present inven-
tion, the condensing section consists of a plurality of con-
densing pipes, each of which has an end communicable with
the second end of the at least one vapor pipe and another end
communicable with the third end of the at least one liquid
pipe.

[0010] According to an embodiment of the present inven-
tion, the at least one liquid pipe 1s internally provided with
a second wick structure.

[0011] According to an embodiment of the present inven-
tion, the condensing section is internally provided with a
third wick structure, and the third wick structure 1s capil-
larily connected to the second wick structure.

[0012] According to an embodiment of the present inven-
tion, the condensing section i1s externally provided with a
radiation fin assembly.

[0013] According to an embodiment of the present inven-
tion, the first wick structure separates the vaporization
chamber nto a liquid chamber and a vapor chamber. The
liquid chamber 1s located adjacent to the fourth end of the at
least one liquid pipe and stores the working fluid that 1s 1n
a liquid phase, and the vapor chamber 1s located adjacent to
the first end of the at least one vapor pipe and allows the
working fluid in a gas phase to tlow therethrough. Further,
the first wick structure includes a plurality of grooves, via
which the gas-phase working flmd flows to the wvapor
chamber.
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[0014] According to the present invention, the grand total
ol the cross-sectional areas of the vapor pipes 1s larger than
that of the liquid pipes. With this design, the amount of the
out-going gas-phase working fluid from the evaporator can
be increased, making the tlow of the gas-phase working tluid
and of the liquid-phase working fluid almost the same and
accordingly, enabling the loop heat pipe structure of the
present mvention to have largely upgraded heat dissipation
elfect.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The structure and the technical means adopted by
the present invention to achieve the above and other objects
can be best understood by referring to the following detailed
description of the preferred embodiments and the accompa-
nying drawings, wherein

[0016] FIG. 1 1s airagmentary sectional top view of a loop
heat pipe structure according to a first embodiment of the
present invention, showing an evaporator thereof;

[0017] FIG. 1a mcludes sectional views taken along two
lines A-A of FIG. 1, showing the cross-sectional areas of a
vapor pipe and a liqud pipe of the evaporator of FIG. 1;

[0018] FIG. 2 1s a complete sectional top view of the loop
heat pipe structure according to the first embodiment of the
present ivention;

[0019] FIG. 3 1s a sectional top view of a loop heat pipe
structure according to a second embodiment of the present
imnvention;

[0020] FIG. 4 1s a fragmentary sectional top view showing
a condensing section for the loop heat pipe structure accord-
ing to the second embodiment of the present invention;

[0021] FIG. 5 1s a sectional top view of a loop heat pipe
structure according to a third embodiment of the present
invention;

[0022] FIG. 6 1s a sectional top view of a loop heat pipe
structure according to a fourth embodiment of the present
invention;

[0023] FIG. 7 1s a sectional top view of a loop heat pipe
structure according to a {ifth embodiment of the present
invention;

[0024] FIG. 8 1s a sectional top view of a loop heat pipe
structure according to a sixth embodiment of the present
invention;

[0025] FIG. 8a includes sectional views taken along two
lines B-B of FIG. 8, showing the cross-sectional areas of a
plurality of vapor pipes and a liquid pipe of the loop heat

pipe structure according to the sixth embodiment of the
present mvention;

[0026] FIG. 9 1s a sectional top view of a loop heat pipe
structure according to a seventh embodiment of the present
invention; and

[0027] FIG. 9a includes sectional views taken along two
lines C-C of FIG. 9, showing the cross-sectional areas of a
plurality of vapor pipes and a plurality of liquid pipes of the
loop heat pipe structure according to the seventh embodi-
ment of the present invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

[0028] The present mnvention will now be described with
some preferred embodiments thereof and by referring to the
accompanying drawings. For the purpose of easy to under-
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stand, elements that are the same in the preferred embodi-
ments are denoted by the same reference numerals.

[0029] Please refer to FIG. 2 which 1s a complete sectional
top view of a loop heat pipe structure 10 according to a first
embodiment of the present invention. As shown, the loop
heat pipe structure 10 1n the first embodiment includes an
evaporator 110, at least one vapor pipe 130, and at least one
liquad pipe 150. FIG. 1 1s a fragmentary sectional top view
of the loop heat pipe structure 10 of FIG. 2, showing the
evaporator 110; and FIG. 1a includes sectional views taken
along two lines A-A of FIG. 1, showing the cross-sectional
areas of the vapor pipe 130 and the liquid pipe 150 of the

evaporator 110 of FIG. 1.

[0030] The evaporator 110 internally defines a vaporiza-
tion chamber 115, in which a first wick structure 117 1s
provided and a working fluid 170 1s filled. In the 1llustrated
first embodiment, the first wick structure 117 separates the
vaporization chamber 115 into a liquid chamber 1154 and a
vapor chamber 1155. The liquid chamber 115q 1s located
adjacent to the at least one liquid pipe 150 and stores the
working fluid 170 that 1s 1n a liquid phase. The vapor
chamber 1155 1s located adjacent to the at least one vapor
pipe 130 and allows the working fluid 170 1n a gas phase to
flow therethrough. The first wick structure 117 includes a

plurality of grooves 117a, via which the gas-phase working
fluid 170 tlows to the vapor chamber 1155.

[0031] The at least one vapor pipe 130 has a first end 131
and a second end 133 located at two opposite ends of the
vapor pipe 130. The first end 131 of the vapor pipe 130 1s
communicable with an end of the vaporization chamber 115
of the evaporator 110 having the vapor chamber 1155. In the
illustrated first embodiment, there 1s only one vapor pipe 130
connected to the vaporization chamber 115 of the evaporator
110 and the first end 131 of the vapor pipe 130 1s directly
communicable with the vaporization chamber 115.

[0032] The at least one liquid pipe 150 has a third end 152
and a fourth end 154 located at two opposite ends of the
liquid pipe 150. The third end 152 of the liquid pipe 150 1s
communicable with the second end 133 of the vapor pipe
130, and the fourth end 154 of the liquid pipe 150 1s
communicable with another end of the evaporator 110
having the liquid chamber 115a. With these arrangements,
the evaporator 110, the vapor pipe 130 and the liquid pipe
150 together form a loop for the working tfluid 170. Further,
the at least one liquid pipe 150 1s extended 1nto the vapor-
1zation chamber 115. In the 1llustrated first embodiment, the
at least one liquid pipe 150 has a second wick structure 156
provided therem. In the 1llustrated first embodiment, there 1s
only one liquid pipe 150, which 1s communicable with the
vapor pipe 130. A section of the third end 152 of the liquad
pipe 150 that leads to and communicates with the second end
133 of the vapor pipe 130 1s formed mto a condensing
section 190. A radiation fin assembly 192 1s provided around
an outer surface of the condensing section 190.

[0033] The vapor pipe 130 has a total cross-sectional area
larger than that of the liquid pipe 150. As can be seen 1n FIG.
1a, i the 1llustrated first embodiment, the one single vapor
pipe 130 has a total cross-sectional area larger than that of
the one single liquid pipe 150.

[0034] Inpractical application of the present invention, the
evaporator 110 1s 1n contact with a heat source (not shown)
to absorb heat produced by the heat source. The first wick
structure 117 absorbs the liquid-phase working fluid 170 that
flows into the liquid chamber 115a of the vaporization
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chamber 115. The evaporator 110 absorbs the heat from the
heat source and the liquid-phase working fluid 170 in the
first wick structure 117 1s accordingly heated, vaporized and
converted 1nto a gas phase. The gas-phase working fluid 170
flows through the grooves 117a of the first wick structure
117 toward the vapor chamber 1155. The gas-phase working
fluid 170 tlows tfrom the vapor chamber 1155 1nto the vapor
pipe 130 via the first end 131 thereol and keeps flowing
toward the condensing section 190. The gas-phase working,
fluid 170 finally flows into the condensing section 190 via
the second end 133 of the vapor pipe 130. Heat carried by
the gas-phase working fluid 170 1s absorbed by the con-
densing section 190 and the radiation fin assembly 192, from
where the heat 1s radiated into ambient air. The gas-phase
working tluid 170 1s cooled and condensed at the condensing
section 190 and converted into the liqmd-phase working
fluid 170 again to tlow 1nto the liquid pipe 150 via the third
end 152 of the liquid pipe 150. The second wick structure
156 1n the liquid pipe 150 enables the liquid-phase working
fluid 170 to flow toward the fourth end 154 of the liguad pipe
150 more quickly. Finally, the liquid-phase working tluid
170 flows back into the liquid chamber 115a of the vapor-
ization chamber 115 to start another cycle of gas-liqud
circulation 1n the loop heat pipe structure 10.

[0035] According to the present invention, the total cross-
sectional area of the vapor pipe or pipes 130 1s larger than
that of the liquid pipe or pipes 150. With this design, the
amount of the out-going gas-phase working fluid 170 from
the evaporator 110 can be increased to thereby increase the
flow of the gas-phase working fluid 170 1nto the condensing
section 190, making the flow of the gas-phase working fluid
170 and of the liquid-phase working fluid 170 almost the
same and accordingly, enabling the loop heat pipe structure
10 of the present invention to have largely upgraded heat
dissipation eflect.

[0036] FIG. 3 1s a sectional top view of a loop heat pipe
structure 10 according to a second embodiment of the
present invention, and FIG. 4 shows a condensing section
190 for the loop heat pipe structure 10 according to the
second embodiment of the present invention. Please refer to
FIGS. 3 and 4 along with FIGS. 1 and 2. As shown, the
second embodiment 1s different from the first embodiment 1n
that the condensing section 190 1n the second embodiment
1s diametrically expanded and internally defines a conden-
sation chamber 194, which has an end communicable with
the second end 133 of the vapor pipe 130 and another end
communicable with the third end 152 of the liquid pipe 150.
Since all other structural and functional features of the
second embodiment are similar to those of the first embodi-
ment, they are not repeatedly described herein.

[0037] Further, in the 1llustrated second embodiment, the
condensing section 190 1s internally provided with a third
wick structure 196, which 1s capillarily connected to the
second wick structure 156. Herein, the description *“is cap-
illarily connected to” means the second and the third wick
structure 156, 196 are 1n material contact or connection with
cach other, such that pores 1n the second wick structure 156
are communicable with pores 1n the third wick structure 196
and a capillary force of the third wick structure 196 can be
transmitted or extended to the second wick structure 156,
enabling the liguid-phase working fluid 170 to tlow from the
condensing section 190 back to the liquid chamber 115a due
to the capillary force.
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[0038] The condensation chamber 194 can receive and
cool more gas-phase working flud 170 at a time, and the
capillary force of the second and third wick structures 156,
196 cnables the liquid-phase working fluid 170 to more
quickly flow back to the liqmd chamber 115a4. With these
arrangements, the loop heat pipe structure 10 of the present
invention can have largely upgraded heat dissipation eflect.

[0039] FIG. 5 1s a sectional top view of a loop heat pipe
structure 10 according to a third embodiment of the present
invention. Please refer to FIG. 5 along with FIGS. 3 and 4.
As shown, the third embodiment 1s different from the second
embodiment in that the condensing section 190 1n the third
embodiment consists of a plurality of condensing pipes
190a, which respectively have an end communicable with
the second end 133 of the vapor pipe 130 and another end
communicable with the third end 152 of the liquid pipe 150.
Since all other structural and functional features of the third
embodiment are similar to those of the second embodiment,
they are not repeatedly described herein.

[0040] Since the plurality of condensing pipes 190a of the
condensing section 190 can receive and cool more gas-phase
working flmd 170 at a time, the loop heat pipe structure 10
of the present mvention can have largely upgraded heat

il

dissipation effect.

[0041] FIG. 6 1s a sectional top view of a loop heat pipe
structure 10 according to a fourth embodiment of the present
invention. Please refer to FIG. 6 along with FIG. 5. As
shown, the fourth embodiment 1s different from the third
embodiment 1n that the first end 131 of the vapor pipe 130
in the fourth embodiment i1s formed of a plurality of com-
municating pipes 131a, which respectively have an end
communicable with the vapor chamber 1155 of the vapor-
ization chamber 1135 in the evaporator 110. Since all other
structural and functional features of the fourth embodiment
are similar to those of the third embodiment, they are not
repeatedly described herein.

[0042] With the plurality of communicating pipes 131a at
the first end 131 of the vapor pipe 130, the amount of the
gas-phase working fluid 170 that can flow into the condens-
ing section 190 at a time 1s increased, making the flow of the
gas-phase working fluid 170 and of the liquid-phase working
fluid 170 almost the same and accordingly, enabling the loop
heat pipe structure 10 of the present immvention to have

il

largely upgraded heat dissipation effect.

[0043] FIG. 7 1s a sectional top view of a loop heat pipe
structure 10 according to a fifth embodiment of the present
invention. Please refer to FIG. 7 along with FIG. 5. As
shown, the fifth embodiment 1s different from the third
embodiment in that the second end 133 of the vapor pipe 130
in the fifth embodiment 1s formed of a plurality of commu-
nicating pipes 133a, which respectively have an end com-
municable with the condensing section 190 and accordingly,
the condensation chamber 194 defined in the condensing
section 190. Since all other structural and functional features
of the fifth embodiment are similar to those of the third
embodiment, they are not repeatedly described herein.

[0044] With the plurality of communicating pipes 1334 at
the second end 133 of the vapor pipe 130, the amount of the
gas-phase working fluid 170 that can flow into the condens-
ing section 190 at a time 1s increased, making the flow of the
gas-phase working fluid 170 and of the liquid-phase working
fluid 170 almost the same and accordingly, enabling the loop
heat pipe structure 10 of the present immvention to have

il

largely upgraded heat dissipation effect.
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[0045] FIG. 8 1s a sectional top view of a loop heat pipe
structure 10 according to a sixth embodiment of the present
invention, and FI1G. 8a includes sectional views taken along
two lines B-B of FIG. 8, showing the cross-sectional areas
of a plurality of vapor pipes 130 and a liquid pipe 150 of the
loop heat pipe structure 10 according to the sixth embodi-
ment of the present invention. Please refer to FIGS. 8 and 8a
along with FIG. 6. As shown, the sixth embodiment is
different from the fourth embodiment in that a plurality of
vapor pipes 130 1s included in the sixth embodiment and
these vapor pipes 130 are communicably connected at their
first ends 131 to the vaporization chamber 115 of the
evaporator 110 and at their second ends 133 to the conden-
sation chamber 194 1n the condensing section 190. Since all
other structural and functional features of the sixth embodi-
ment are similar to those of the fourth embodiment, they are
not repeatedly described herein.

[0046] As can be seen 1 FIG. 8a, 1n the 1llustrated sixth
embodiment, a grand total of the cross-sectional areas of the
vapor pipes 130 1s larger than the total cross-sectional area
of the one single liquid pipe 150.

[0047] With the plurality of vapor pipes 130, an increased
amount of gas-phase working fluid 170 can be guided out of
the evaporator 110 into the condensation chamber 194 for
cooling, enabling the loop heat pipe structure 10 of the
present mvention to have largely upgraded heat dissipation
elfect.

[0048] FIG. 9 1s a sectional top view of a loop heat pipe
structure 10 according to a seventh embodiment of the
present 1nvention, and FIG. 9a includes sectional views
taken along two lines C-C of FIG. 9, showing the cross-
sectional areas ol a plurality of vapor pipes 130 and the
cross-sectional areas of a plurality of liquid pipes 150 of the
loop heat pipe structure 10 according to the seventh embodi-
ment of the present invention. Please refer to FIGS. 9 and 94
along with FIG. 8. As shown, the seventh embodiment is
different from the fifth embodiment 1n that a plurality of
liquid pipes 150 1s included 1n the seventh embodiment and
these liquid pipes 150 are communicably connected at their
third ends 152 to the condensation chamber 194 1n the
condensing section 190 and at their fourth ends 154 to the
vaporization chamber 115 of the evaporator 110. Since all
other structural and functional features of the seventh
embodiment are similar to those of the fifth embodiment,
they are not repeatedly described herein.

[0049] As can be seen 1n FIG. 9a, 1n the 1llustrated seventh
embodiment, a grand total of the cross-sectional areas of the
vapor pipes 130 1s larger than a grand total of the cross-
sectional areas of the liquid pipes 150.

[0050] With the plurality of liquid pipes 150, the amount
of the liquid-phase working fluid 170 that can flow back to
the evaporator 110 at a time 1s increased, enabling the loop
heat pipe structure 10 of the present mmvention to have

.

largely upgraded heat dissipation effect.

[0051] Theretfore, according to the present invention, the
grand total of the cross-sectional areas of the vapor pipes
130 1s larger than that of the liqud pipes 150. With this
design, the amount of the out-going gas-phase working fluid
170 from the evaporator 110 can be increased, making the
flow of the gas-phase working fluid 170 and of the liquid-
phase working fluid 170 almost the same and accordingly,
enabling the loop heat pipe structure 10 of the present
invention to have largely upgraded heat dissipation eflect.
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[0052] The present mvention has been described with
some preferred embodiments thereol and it 1s understood
that many changes and modifications i1n the described
embodiments can be carried out without departing from the
scope and the spirit of the mvention that 1s intended to be
limited only by the appended claims.

What 1s claimed 1s:

1. A loop heat pipe structure, comprising:

an evaporator internally defimng a vaporization chamber,

in which a first wick structure 1s provided and a
working fluid 1s filled;

at least one vapor pipe having a first end and a second end,

and the first end being communicable with an end of the
evaporator; and

at least one liquid pipe having a third end and a fourth end,

the third end being communicable with the second end
of the at least one vapor pipe and forming a condensing
section, and the fourth end being communicable with
another end of the evaporator; and

the evaporator, the at least one vapor pipe and the at least

one liquid pipe together forming a loop for the working
fluid; and a grand total cross sectional area of the at
least one vapor pipe being larger than a grand total
cross sectional area of the at least one liquid pipe.

2. The loop heat pipe structure as claimed 1n claim 1,
wherein at least one of the first end and/or the second end of
the at least one vapor pipe 1s formed of a plurality of
communicating pipes.

3. The loop heat pipe structure as claimed 1n claim 1,
wherein the condensing section 1s diametrically expanded
and 1nternally defines a condensation chamber, which has an
end communicable with the second end of the at least one
vapor pipe and another end communicable with the third end
of the at least one liquid pipe.

4. The loop heat pipe structure as claimed 1n claim 1,
wherein the condensing section consists of a plurality of
condensing pipes; and each of the condensing pipes having
an end communicable with the second end of the at least one
vapor pipe and another end communicable with the third end
of the at least one liquid pipe.

5. The loop heat pipe structure as claimed 1n claim 1,
wherein the at least one liquid pipe 1s internally provided
with a second wick structure.

6. The loop heat pipe structure as claimed 1 claim 3,
wherein the condensing section 1s internally provided with a
third wick structure, and the third wick structure being
capillarily connected to the second wick structure.

7. The loop heat pipe structure as claimed 1n claim 1,
wherein the condensing section 1s externally provided with
a radiation {in assembly.

8. The loop heat pipe structure as claimed 1n claim 1,
wherein the first wick structure separates the vaporization
chamber mto a liquid chamber and a vapor chamber; the
liquid chamber being located adjacent to the fourth end of
the at least one liquid pipe and storing the working tluid that
1s 1n a liquid phase, and the vapor chamber being located
adjacent to the first end of the at least one vapor pipe and
allowing the working fluid 1n a gas phase to flow there-
through; and the first wick structure including a plurality of
grooves, via which the gas-phase working fluid flowing to
the vapor chamber.

9. The loop heat pipe structure as claimed 1n claim 3,
wherein the at least one liquid pipe 1s internally provided
with a second wick structure.
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10. The loop heat pipe structure as claimed in claim 9,
wherein the condensing section 1s internally provided with a
third wick structure, and the third wick structure being
capillarily connected to the second wick structure.

11. The loop heat pipe structure as claimed in claim 4,
wherein the at least one liquid pipe 1s internally provided
with a second wick structure.

12. The loop heat pipe structure as claimed 1n claim 11,
wherein the condensing section 1s internally provided with a
third wick structure, and the third wick structure being
capillarily connected to the second wick structure.

13. The loop heat pipe structure as claimed in claim 3,
wherein the condensing section 1s externally provided with
a radiation fin assembly.

14. The loop heat pipe structure as claimed in claim 4,
wherein the condensing section 1s externally provided with
a radiation fin assembly.

¥ ¥ # ¥ o
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