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A Study on the Internal Flow Patterns and Heat Transfer
Characteristics for a Cylindrical Rotating Heat Pipe
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Abstract

In order to elucidate the operational characteristics of rotating heat pipes, the internal flow
patterns and heat transfer performance are investigated. Flow patterns and its transition are
studied with various rotational speeds by visualizing flows established inside a rotating tube, To
verify those results of analysis, 2 heat pipes of the same geometries but fill charge rates of 7, 30%
were manufactured and submitted to operating tests. Comparison of experimental results on heat
transfer rate show a fairly good agreement with the analytical results. The analysis reveals that
the optimum charge ratio is ranged in 4~79% depending on the quantity of thermal loads. but the
heat pipe with 7% of fill charge ratio reached dry-out limitation at heat flux of q"=6, 2kW/m?
lower than that of analytic results, Transition of flow regime was well related to the correlation
by Semena & Khmelev on transient centrifugal Froude Number Frc, But hysteresis phenomenon
was observed in transition of flow regime, when the rotational speed was stepwisely changed in
the way to undergo 1 cycle

JEMy h AAF A4, W/m'C
@ elEebss] A4S, (o/pe)? o2&l A el mm
<3tl zloé ]/kf
R wRy hse 5 A9, J/kg
Ca AR &, =5 HP : & Es}o]
Co At ¥, J/keT Ll 3 Egle]:z Ze], mm
Fr. zZg$cs R m ¥ f-E5E, ml/sec
g N 344, RPM
ol Q.
Y pareiata 2| A7) el 4 9 AR kg, W
x* g]1}c] g o} ¢ AR kW/m
g9l Aatpeiehar v A%kt R 2 Wk, mm



Re . 9zl ao|x= 2 w(8)*
v

r oiex, T
t 1 AZE min
Voo fAl A A,
xooENy Poﬂw e} 914, mm

J2| AR
3 ol al LA, mm
8o 1 EAel FAE = A, mm
& Eeleha), mm
¢z :’3]"}?”0“ _85113)5‘1 ;j}i']» 1%—/(‘10] o]»Er"Tl:_ H‘l»Z}-Y

degree
g AE 8 % £ (HERAA /A R
Al A X 100), 2
w I AEE, rad/s
a k-
¢ eEy
e D Zubn
[ oA
v 7
.M =
2}x & Eslo] Z (Rotating Heat Pipe)ol o3

fo] o AL 1969d GrayVol] ojsl HLo=
z]

MEE ol F AF Alel Aol 8% Sl A%
54 shebe @ ot ks B4 5

3
z24 34 7!714 %‘r %

AX
3|z s Evlo]lZi= 7 x7) (drum -type dryer) v}
z ol A8l gAel Agsdon®
o A7l meol A&AglnA i m#Eo] A
ok #r] ZE+E LH—r HAdel 7] AgAr
A4 i*&ﬂl °l °é° é’] Yzb A A ok
= A7) wetel
3 XJ%LHOH 6]54 V=% i)l 749 33 2fel
A s Ao o] sEsloliE Fal Wrkvel
edxo] ool WAAHT, A7) welo A5 3

A dEzle]l= i ALl 74 1970 Fries®

E

‘:‘

71 2] =
/uzé“l"

ol lal Ae AakHA, 2 ol% 2017 LEol
o Agol Uab ATE PES ol Folgom, Fa
4 nHel 45 AdseE B AT A
o e} Pokorny%-93 Wanniarachchi & Marto™
ol elabnl melEs A4 Vel 247 A e =t
ojmo} HAY slEslelz: AP AAFoE
A REAEE 10~25% 7% ASE A

2 oAdFoldE AEY 84 Hmslelze WY
% W w AE 54 e sk A%
% Mse A4 A% Ade SR =
@ F(pooh) H53 A FF elold HA o=
sholel dAe Ave olET 4 Yt F88 o
4 e RaA s ol UEY Fzel
susfolat A% el Zalold sbg wéale,

wdebd olel hA AE QA5 Qg sobale
b gel ol §9m gleh wuk ohy
FE b o gabe $7]uc Azl
AR Al 2ol po] o] §l3 9lut,

2. 3|™ S|ETlojm=o| AE 2

Ar
12,
R
o
i
fo
o,
o
o
Ho
_');
_?L
i
)
®

]H
o,
ofN v ¢
o
o
au
B
L
[
e
=
Hz
Ho

el 75 57 8

~N
ofp
ax
010 _.{m
o
_EJ 32 T4
Frf
mlo _t.h]‘
—Hz
fu
2%
Iﬂ:
o]o
A
Hr
2

¥
_‘O
2
rJ
1B

el A g
¥l

O Z= =]
| 5%z »

—H
ku
X
ok
ok
*
olo
o
_lO
"
(o]
|
o ofy

T

rlju

S xHofja ZubE ulgko

2 Ze
odet, ol Auh FUbH ARt §&Y- Aol

ol
>
R
e
o
u

>

g 7
S g

0

condensate flow

Fig. 1 Physics of a rotating heat pipe.
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Table 1 Specifications of a heat pipe manufactured for present study.

Component

Material

Dimension and fill charge ratio

Container

Copper

Inner Diameter : 25.5 mm
Outer Diameter : 28.5 mm
Length of Eva. : 150 mm
Length of Adia. : 60 mm
Length of Con. : 150 mm

Working
Fluid

Water

Purity : 99.999%
Fill charge ratio—HP1 : y=30%
—HP2: y=7%

10

3

1
i
=
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i

14

1. Variable speed motor

2. Motor controller

i
Jjl
i

15 | 5

3. Flexible coupling 4, 11. Bearing 5. Water jacket

6. Spray cooler 7. Coolant inlet 8. Coolant outlet 9. Heat pipe 10. Heater 12. Slip ring 13. Hybrid recotder
14. Slidacs 15. Const. temp. bath
Fig. 4 Schematic diagram of the experimental apparatus for performance test of a rotating heat pipe.
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(a) Pool regime at 900 RPM
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(¢) Transition to annular flow from the right end of
tube at 1050 RPM

(d) Propagation of annular flow to left end at 1050

RPM
Photo. 1 Pool regime(a, b) and transition process to
annular flow regime (c, d), (fill charge ratio:

¥ =20%).
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The present data were compared with those of
Katsuta et al."? and prediction Eq.(8) by
Semena & Khmelev!®,



AEY 34 o Eajol =

#ES Semena & Khmelev!?7} =213k A
Aol gk A A (4) 3} wlarsiglct,
gl 2AES ¢y=10~25%2 AL 3}
, BAAr BAFE Holx9Sule] Fri

8 23 Semena & Khmelev!?

Alsketol vl
’] DA AT} - ZFHE AAE HodFa 9o},

=]

7} ol AR S zke] A
5} Ohtsuka 2] of
o Eeigae 3

[}
Ao gag alqe

SR I IR E AL R
F AAstel elad S
A4 o FAgol wlstel ¢
olatel & AHuisiolony, uteld] A F Esjo] =}

ok

K
J

zxé

=4

A% HAE & ol S% Aute] REol A8
R Fego] AujAl absb Bek,

w2h4 Photo,1(a), (b)sh el 4 %% F4
o Wiael Bayol E AdE fEeA s,
el ARE Aoz oj S ghe Aol Y4l
o ol e A SR Fold wTe %A
% reol, whebd o] wio] dHEe Fhe] A
a9 e 45 e Eehed Ul SEof
oaf ol Foll Al ek,

sl el e el poolel Zlolsh Aol &4+

oke oful Tl Semena & Khmelev!™¥7} )%
g A ul g ol &% 4 ok Fig, 62 = 3
A Arzd 25 e 5 FHEE 30%E 3
4 A% A4 wstel dlsted k3% poole] o)
Zlolo} aulel 3o ola] Abioll FAx& ofut
1 7
€ Working Fluid : Water
E Fill Charge : 30%
- 0.8 Radius of HP : Ri = 12.75 mm }6-5
g Length of HP : L = 360 mm 3
[
g £
£ o6 l6.6 §
[ Max. Depth of Pool s
T { 2
3 £
g o.ﬁ 64 8
3
= F
£ £
B o024 6.2
'ﬁ Entrained Film Thickness
0 T T T 6
0 400 800 1200 1600

Rotational Speeds, RPM

Fig. 6 Variations of entrained liquid film thickness
and maximum depth of pool as a function of
rotational speeds at pool regime.

£y Adg S4el By AT 1223
o wahE vhepila ook el vl Aol @
A sz ofnt A A 4 N=100~1500 RPMHJ

ol A sl A g2 Frfe] wpel 2 §=0,1~0,5mm
Zrksta ek F g dHolM = oled o
ddeto] whlsin] il ofubg B

3 sbgste] slddew duAl4
o

T

=

L

ol ulslo] ufg
o]l 4]+ Photo,

7 £

u} z1

o

o/l
T
i

R
2
X

oo
)
o

oX

[

1

o B
2

?SH A /é*}i’*] Table 1o A4 % 5]
Ag olgatel A4 Wil HF =

=
A RZE Askgk Aol

Working Fluid : Water

Heat Flux ; g=30kW/m?
Radius of HP : Ri = 12.75 mm
Lengthof HP : L = 360 mm

0.84
0.7
0_61 1000 RPM
0.5 2000 APM 3000 APM

0.41

Liquid Film Thickness, mm

0 T T T " T T
0 01 02 03 04 05 06 07 08 09 1
Length of Heat Pipe, x/L

Fig. 7 Liquid film distributions along with tube axis
inside a rotating heat pipe at optimum fill
charge rate for different values of rotational
speed calculated using formulations by

Vasiliev & Khrolenok™®.



1224 ol A A} -

s\4%7h FAREE A S FEA Fuloh
% ol

gt Al =l ol & A4 W kol =g
sk A "] AR witoleh, ol g Fubak o
g A REEHE s s Esfolxe] sletelA
i, slAd4, A" 24, FAe B} Fold
ool A et AR ol W S ke AEske]
ol AH 2AE A %—{%k% stebdt & gleh
Fig. 8& = A4 n

ERUR I s

RPM)oll wlsfe] oot 7 7 4l0] siuteial e

Wepd M FAEE 4L g At Ae%ol

¢’ =10"~10°W/m?3l ol 4] 600 RPM3} 1800
1
0.91 Warking Fluid : Ethanol
Working Fluid Fill Charge : 12mi{10%)

0.81 Heat Flux : q* = BkW/m?

E

E

. 0.7

z 3000 RPM 1500 RPM

2 061

£

2

I'"-:- 05 14

£

£ 041

3 /

2 0.31

-4

3 800 RPM
0.21
04 l Condenser} Adia.| Evaporator

0 T T T T T T T —
0 01 02 03 04 05 06 07 08 09 1
Length of Heat Pipe, x/L
Fig. 8 Optimal fluid fill charge ratio as a function of
heat flux for a rotating heat pipe.

20
= 18] Worki :
) ing Fluid : Water
< Radius of HP : Ri = 12.75 mm
> 169 Length of HP : L = 360 mm
o
E 144
(]
12
B 121 s
£
O 104 /
-
v 8
2 &l 1800 RPM
3 Vs
£ 4 //,
a
S

o v v T r——T 1
¢ 10 20 30 4 S50 80 70 80 90 100
Heat Flux, q"(kW/m’)
Fig. 9 Axial liquid film distribution for different
values of rotational speed.

RPM<l A% A= HA FH&
3~5% 4 =5 oé% A

.
o, a4 %
E dodela ol Folvh grelAnE AT 4%
% ol 2|

o T AN 4 ek et A4 Agel o
el 10%He) FAEIAE A AfdelE 30
% ko) Dryoutd op/|47lE SAdol WA

1 Fig, 9= W% 2t A7t oligbzol™, &
Agol y=10%3 45 slxdgol et
A} FA EEG AR A otel ok
Ajar A2 %OHAM é%

gholl Ao} A=A = A

ol 10%l =2 e °““% A E2E e
Zolek. #4447t n=1500 RPMo] 4al 7% F
ok S50 ot FoAl Aol wlnlshAl ey

- 0]
al SX

Ay
of
odt
o

Fig, 7. olA4=al Aat 5 FxAoas ZFw
2 ozl alnl FAE (o2 A AA 270
ALgstel ol whakoe g AAg ZAielw, Fig 9
Ul AE fA Bl " Aeleld A
e slo]zule) ool LA I L o Z3}r] 9
RHog AAe 7% oled AL veld Aoz
of| AL o},

53 3|d 3|Emo|=e| &E AE

Fig. 10> 44 ¢=30%< 3Ad 3| Esglo]Zo
A Fael AelAle dREe] ¢"=15«W/m’E

HP1(fill charge ratio : 30%)
Heat Flux : q° = 15 kW/m?

Wall Temperature, T(°C)
8 8

3

Start of operation

300 - 1050 RPM 1200 - 1500 R 1650 RPM

% 5 o 15 20 25 % 95 40 4 & &
Time, t(min)

Fig. 10 Variation of wall temperatures when
rotational speed was increased stepwisely
from 300 to 1650(RPM), while maintaining
heat flux ¢” constant at 15 kW/m?



AEH 7 sEshelzel WY §
3ol Wy 25 2% vehia gk slas

&
off we} AW Ny FHE FAo |% el
e wmim FHA REg o)F7] wEel Y e
Aol Ak sl Fe] wEkshy o] A wwd
A Aol kg vt 3
A7} n=300~1050 RPM = 9lojl4] Zurdol &
F4o] EEaE oF 10C =2 A4 A4S fA
afe] i wEE Holx| ook A4 7+ 1200
RPMell musn] Zubdo|anl 257} 343 2
] 00 RPMoei 4 %H‘-ﬁ'—

fo
0t
M
b
NE,

sbelam el =z dlo] Z hEIch 12 i1
ododmt Lx o) FAE ZvElE o] @A §%
Helj7h sk el kA Ao 2l Zurd
deqellAlnt o] Fol 7] ot

S Z7}4]# 1650 RPMo] =lad 2wt

Ho] 2w 5 A&dla] A A AF

s

4 9} 7]

ol 4l Fusst SE5e] LEAA ok 40C Ax
Aﬂﬁﬁlﬁdim%4£14ﬂ%4 ol 2} 7ol

: =300~1050 RPM
A FHAe] AWMl & 8 ddexd o
o) bl ol gAdse g e 59
A
RPMH 91 e Aape 71 ol sl dal Aol5 uf
gt @4 T Aelsh srAew by slew
Azbgler, Zodiel dA g 28 ol Fohslo]

Holslglot S54e obd &
0 L9l Aoz welrh sAdgst
SobgaE Sk EdlelAl poole] ARl zlel}
el @4 frEo= Aolw Fub

N
N
ol
wo
=
X

tn
B

o

i Falel A el o sfe] “oﬂ
% Heolst A AspElx] Fale] A
fE5g olFA ¥sbi F FEAE}
s oleleh, Fig 10614 3|d+E o
n=165 ORPMO{] = E]D4 Zuld ol
2 ow|segh 2

aEﬂﬂ &7 A

o)
S

715 vhebfict,

o) A2 LH“I_ e

P17 gk grokel AEAIL 47k Qdvie,
A Fale g A sk B fEel
A7} ghobAl7] Wl A 4

dry-outg- ofz| Al & glct,

Fig 112 #& 4 ZHd &0 7%l 7
He WA HE o] Tl dry-ourd 4bo]
'iHEHi— Ag BofFar gl

Fig. goll espnl 7%2] FH&old A5}
600~ 1800 RPM H 9loll S1-& wl Al A-Fo] <
30*kW/m*A = 5 spxleh, e Ald A3 Fig,
118 3|47} 1500 RPM<gl 34} F-% ofedof A
BG4S ¢"=1.6~4 8kW/mnt=| wlAdos Z
7R 7l FAkell e Bl Edbel L AFgle] S& §

3

Askel g4 A5E s A ¥+ Ak 29

X

) HP2( fill charge ratio : 7%) I
Rotational Speed : 1500 RPM /
401 /
g Start of local dry-out ;
2' 301 atthe evaporator {
a " 4
[ Eva. Adia. Con,
& 20 - W -
= : e
= —
10l 1.6 kWim3< g" < 4.8 kW/m? q° = 6.2 KW/
o] T T T T —
(o] 5 10 15 20 25 30

Time, t(min)

Fig. 11 Variation of wall temperatures with time
when heat flux was increased stepwisely from
1.6 kW/m? up to 6.2 kW/m?2



1

N
[\
=)
2
23

ol
o
il
oV
s
e ¢
o
!
iz
g
=

ol o
nE o
-z
N
N
b
H
fiies
B
fr
poc)
ro
olN
=
-{m
o 2

Lol
HHo2 dry-oute] AgPs]r] fff22 7%

o] (]":61{\7\/'/1’]’12
°F 3~5%4 5% vepich
BoAdol A A 244
s

& »}w{owa SEEE!

5.4 3ML-@MT mAH Y Hysteresis 344t

FoAl 3lA FEmlo] Lol FHE Algol dk
4 o]H e FHSsE A5 dFgSolch =lA 3
A goll A odF3 wpel o] adsfe]lz Wi 2
T FAY %% ?%5119} olnbo] FAe odeks For
AFE5L 2E FAle Adstel Hodsie 2E #
el FE&oll e = o 7&‘5] ukek ool Taflof of
&S Fof avh AdS5E5E slHgo] v 2 o
Fpo] AltE o2 <yl o= obexigleh

5| e slojr} Aa 2AFS & o TR, SHEF
ol wld s 5248 R, SabRel &Y
o] HFer s Ag3sto] HFARLAFE A (9),

P Qout
he= AT T )

o Qout
he AT~ T (10)
A7 A Ack SIEvtelze] Furiel $5 e

WAolnd, T, T, Tee 27 F34, &4,

Qout:mcp(Touz_ Tzn) (11)

AN me ezl B

1 HP1{Fill Charga ratio : 30%)
Heat Flux : q° = 16.8 kW/m’

Pool Regime

Eva. Heat Transter Coeff., he(W/m*°C)
[ ¢
»

1000 o Annular Regime \
) 9 /o oo o ®
j in)
Exp. Data Predictions
—— : Semena & Khmeiev
® : Increasing Speeds (Pool Regime)
0 : Decreasing Speeds —— : Vaslliev & Khrolenok
(Annular Regime)
100 T — T T T
0 300 600 900 1200 1500 1800

Rotational Speeds, RPM

Fig. 12 Variations of mean heat transfer coefficient at
evaporator with rotational speed for HP1.
Present data were compared with 2 differents
solutions, one proposed by Semena &
Khmelev!® at pool regime, and the other by
Vasiliev & Khrolenok® at annular regime,
respectevely.

FEgolul, G WA%s v, Tu® Wrze
Bl FHAE WAFY LEolv, T
oAstelme} A %F YAzl G 445 2=
T 209 AAAE WU AAGe] AT LS &
EhL aolu}.

Fig. 12 4%%S ¢7=16.8kW/m?e.2 n43}
2, 3)A45 300 RPMoll A 1650 RPM7h| whA 4
o2 ZslalAeks) Al 300 RPMAA 7haid] 7]
lcycles] 8zl Ma ko] 7k sldsold &
el A A4 w5 AdE 4 Aol
o

300 RPMell 4] /. =4000 W/m2>C & &
b Fobetell wheh el HAEE ot o7t
Zobeba abebal e AErh Ak hadhe], 3

A47h 12000 RPM 24 off 4 Tv‘i—m 5 Aol
7b kA ske] he=2000 W/m*& zZkth, ol F 1650
RPMol| & #2438 7adte] k=500 W/m?% e}
ek 3147 1500 RPMolste] 745 d#des
Z %5— e 2 Hojn, Semena & Khmelev!®2]
she} A Ao w oA slm gk ey 3
S50 sinl wWelol 4] Auk Tz} A wepo
2 QA Hed, ook FAle] Frle] wpE AA
& F7hh zefsien o) Aak Adw Ade ¥
ogof wlsted of 1/6~1/104 =& zteo}, 3hd,

Ags A sldszie AEA7= A5 600

o
23
>

n

o

_?‘—am{

2]
gl

oi ol mu, o

ol {-l
A

.
ol



UEH sl sl Esfojze W
500C ]
—~ 4500 HP1(Fill Charge ratio : 30%)
é-’ Heat Flux: q" = 19 kW/m? g :increasing speed
§ 4000 0O : Decreasing speed
c

@ 3500 [
< [ad
£ 3000 = °
3 LI
= 2500 a
2 ]
£ 2000 / .
= .
% 1500 ] -
@ Reversible change of condenser heat coefficient
x
< 1000
=3
© 500

0

0 300 600 900 1200 1500 1800
Rotational Speed, N(RPM)

Fig. 13 Reversible change in heat transfer coefficient
at condenser for the process of 1 cyclic change
of rotational speed.

10000

”“”’ﬂ\ Pool Regime

Con. Heat Transfer Coeff., hc(W/m?°C)

1000 *
Annular Regime
B HP1 0 : Katsuta et al.
{Fill Charge ratio : 30%  (Fill Charge ratio : 20%)
Q' = 16.8 kW/m? ) q" = 30 kW/m? )
100+ ; - - —_—
0 300 600 900 1200 1500 1800

Rotational Speed, N(RPM)

Fig. 14 Variations of mean heat transfer coefficient at
condenser with rotational speed for HP1. Ir-
reversible change in heat transfer coefficients
at condenser was observed for the process of 1
cyclic change of rotational speed. The present
data were compared with those obtained by
Katsuta et al.®?

RPM7Al dd sk Al Ao odAdgt A& w3
stx, o] 300~450 RPM7=] mebal| o} o 4=t
Ag74 FA48H S7hE sk gleh oled dAde
1650 RPMoll 4] 500 RPM72] W5 &5 & ejr] of
A3 A FF FAE FASEL, 450 RPMOM o}
v RA ¥ FEof Aol WAy wWltoR &
T et

HA4E F7h mE Fad ] HE A
o

5 % 9

)
1%

o
A1)
im

Sl gl oA 1227

El W= hysteresis@ Abo] EA|3b ol AN
ole] of ] Ql-tatEel ol 2alslw et el
2 =Fo A3 71 olelgk hysteresisd A 3
Aa EAgle A dd lEeE e ohy
W, Ao w5k gl F5 Aozl el A

Ay A=z
% hysteresis®

AAFE FoR 71 S8 AR AFE k=
3500 W/m2C ol A 7. =1500 W/m>C 7] 2] ]3] b
atAlnE Fubpebs ohEA FAG wetl B
A ehm ek o] e SEFolAE Fusel vm
A G zje|r} WAlsE]x] okoke o Jgluw, o|A
s}

F Tk ol wlste] g

54 T
A fAlee] wol dFee £ 4 oo @
Fig, 12014 2] sl A+= 27 poolta3} 4
£ ool o3 Semena & Khmelev"? 2}
Vasiliev & Khrolenok#®¢] ol n}k vrvll ¥o o

& A Artasd F oododdold =5 e el
WHar gl

Fig 143z gld a4 Wdle] ot &5 dAx2 7
4= 4 Katsuta!Ve] Al& Auos ez ¢l
Fush A AR e, Holst

Wodde AGt Ad gade ¥+ ek
[e) =
5

Katsuta"Ve] A3y dapz AR5 25 4 &
Aol 4] ¥ Aty 2315t Abel7h gAMb AA

2 A9 A Aekg

Hol7} oF 1000 RPMo 24 o)eldt Ho|de =fo
A dgoer vojxoh
6. & &2

(1) Fo17 87 slesgfo]zoly AALEL &

Z ool g Yelel b & s v %

AALEE M2 T4 FF5 4

gl o &% o} otze} o] HAMGE @9 F&

eliioich FHEe] 3 slo] = Al y=

? Foll4l hest hew 2000~4000

W/m”c, f;w & doll4 hesl ke 500~1000

W/m?e] gh& Zhzof,
(2) Vasiliev & Khrolenok‘”e} A s =

gobol §71 WY ot T REF Felw HA



1228 o} 214}
FA%, AALEL ANssl, ol AdUEe
Qee AeR BAE vy, ol A FAL
e Gfgel arel we 4~7%YEE e
e,

3) ol® AHd FAE 1%E AEF Aol
G4 e e AfAolA dryoute] Eeleis)
of elelq #4tel aclelt AW umie) A9
% U@ g4, ddme A% o ggow
ofebe] 2o} o BAS Abolsh WAIFA] wFol
ch. whebd Katsuta® 5ol A415 A3 2ol 2
@, A AN Sl wel FE sholx Al

o] ok 20~30%¢] &AL MY 3 Hes) 9t
(4) Folal " Egtelzold 5 Fe=

Semena & Khmelev'?7} otk 7ot Zre| #

Foll ol Edet, vk fr% A elelli= hysteresis

g abo]l EAfste), wteba} Lo w Kx wsbs} b

Aufcl‘L 7% °F 500 RPM A =0} w2 )2 4ol 4
=S fEE Agslol dh

ok
o

2

(1) Gray, V., 1969, “The Rotating Heat Pipe-A
Wickless Hollow Shaft for Transferring High
Heat Fluxes,” ASME Paper No.69-HT-19.

(2) Dunn, P.D. and Reay, D.A., 1994, “Heat Pipes,”
Pergamon Press, Oxford,
227~237.

(3) Fries, P., 1970, “Experimental Results With a
Wickless Centrifugal Heat Pipe,” Int. J. of Heat
Mass Transfer, Vol. 13, pp. 1503~ 1504.

(4) Brost, O., Unk, J. and Canders, W.R., 1984,
“Heat Pipes for Electric Motors,” Proc. 5th Int.
Heat Pipe Conf., pp. 359~364, Japan.

(5) Thoren, F., 1984, “Heat Pipe Cooled Induction
Motors,” Proc. 5th Int. Heat Pipe Conf., pp.
365~371, Japan.

(6) Pokorny, B., Polasec, F. and Schneller, J.,

4th edition, pp.

- o)A

37

A
a,

“Heat Transfer in co-axial and Parallel Rotating
Heat Pipes,” Proc. 5th Int. Heat Pipe Conf., pp.
259~267, Japan.

(7) Wanniarachchi, A. and Marto, P., 1984, “An
Evaluation of Liquid and Two-Phase Cooiling
Techniques for Use in Electrical Machinery,”
Final Report NPS69-84-013.

(8) Vasiliev, L.L. and Khrolenok, V.V. 1993,
“Heat Transfer Enhancement with Condensa-
tion by Surface Rotation,” Heat Recovery Sys-
tems & CHP, Vol. 13, No. 6, pp. 547~563.

(9) Vasiliev, L.L. and Khrolenok, V.V., 1990 ,
“Heat Transfer in Rotating Heat Pipes,” Proc.
7th Int. Heat Pipe Conf., pp. 285~293

(10) Nakayama, W., Ohtsuka, Y., Itoh, H. and
Yoshikawa, T., 1984, “Optimum charge of Work-
ing Fluid in Horizontal Rotating Heat Pipes,”
Heat and Mass Transfer in Rotating Machinery,

PD. 633~644.
(11) o) &A, ol=F, AAF, dtolF, It
1995, “ww °i4} A 1 g 54 ek 7]

610~615
(12) Katsuta, M., Kigami, H., Nagata, K., Sotani,
T., 1984,
Characteristics of a Rotating Heat Pipe,” Proc. 5
th Int. Heat Pipe Conf., pp. 126~132, Japan
(13) Semena, M.G. and Khmelev, Yu. A. 1982,
“Hydrodynamic Regimes of a Liquid in a
Smooth-Walled Rotating Heat Pipe 1,7
Zhurnal, Vol. 43, pp.

J. and Koizumi, “Performance and

Inzhenerno-Fizicheskii
766~ 774.

(14) Ohtsuka, Y., Nakayama, W. and Yoshikawa,
T, 1984, “KRAVHHgmEbYIZ BET AL PO
{4 7o HA BEMAEEHCE pp.
2162~2170,



