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An Experimental Study on the Rotating Heat Pipe
with a Grooved Disc Evaporator
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Abstract

The heat transfer characteristics of the rotating heat pipe with a disc evaporator and a grooved
condenser have been investigated by measuring temperature distributions of wall and vapor for
various thermal inputs and revolutions per minute. The results showed that the heat transfer

coefficients of all types are increased with thermal input and revolutions per minute. The heat
transfer coefficient of evaporator with groove (pitch=2_.5mm, depth=1.5mm) is 25.8% higher
than that of evaporator without groove at 500RPM, 150W.
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L  length(m)

@ : thermal input{W)

¢ - heat flux (W/m?

R : thermal resistance (K/W)
r . radius(m)

T . temperature (K)

Greek Letters

¢ . perimeter angle
¢  heat transfer coefficient (W/m?K})

Subscripts

t . tube
¢ . condenser
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¢ . evaporator
o ' outside
v . vapor side
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Tabel 1 Dimension of various heat pipes
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1. Rotating heat pipe 9. Water tank

2. Evaporator 10. Variable speed moter
3. Condenser 11. Moter controller

4. Transducer 12. Vacuum pump

5. Bearing 13. Manometer

6. Slip ring 14. Heater

7. Computer recorder 15. Counter

8. Flow meter 16. Adiabatic material

Fig. 3 Schematic diagram of experimental set up
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Fig. 5 Wall temperature distribution of type B heat
pipe various thermal inputs

20 0%

Fig. 5& 3lEafelz BH e Huie 2=
ke Faksd Aojulo] dd e
vebd Aelch, o] FUtEFE A
= Frheso Fuie £xE
2 %el 4,5, 69 Jxol4 AL 5, 6
At edze FrlolE $Ueez sHeiglth
By 49) HHE LAe Folol wat Frhe
of ZA Uehgel 49 ARelH £E7} £
ezl FE RERAY Tl
ol FuwiAzrsl dojv}i =3
g gH AAEFIIE vehy

Fig. 62 3l EzlelE Bﬁﬂ«i 8l
A4 stol e wuie) &
olc}, A4 —7—‘—7]-3}‘31

e ﬂiomnk sy

’3%4
O HE
L

iLrIOJ}nuielo o 2 mu

JEL_»E:

of¥
ax

=
hal

Lo

[

2

2 N ool

glolm Bag% 844 (-500RPM.o.
50W, 100W =81 150

Hesel Z7exE 4

o2

A fE
3831
B type B
3631 thermal input 100W
353t 0 rpm —e—
200 rpm-®-
W 300 rpm-d—
E 333.% 500 rpm-8-
a
HE:E ¥
313
303 ¢
293¢
283
00 02 04 0.6 08 10
L/Lt

Fig. 6 Wall temperature distribution of type B heat
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Fig. 7 Difference of evaporator wall and vapor tem-
peratures of type B heat pipe with various
RPM
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Fig. 11 Heat transfer coefficient for various RPM by
various thermal inputs

0

2
ol¥
N
3
o

ok

[e2
[+

ofd
—
o
S
=
—_
o
=)
=
oll,

T
=LA nl

L
e > al o w

N
-

YA4E el
300RPME.c} wl2w] Z7)
=3lod A, B. CH)

N

-

Ak
2000 +
1800

1600 +

1L00
E1200

>

3

1000 1

800 1
ax) |
L0t
200
100 20 300 L00 500 600
RPM
Fig. 12 Heat transfer coefficient of various grooves
A B.CY 2% a3 sas7 34845
HeAsE oo Cdeol b3 ¥ g
dEh g o]y Futel o] RL4E $4%
% ¢ & 9
5. 4 B2

£o] st YAFUrE 7HA AAY sEsfo)=
oA FURE, Jdy 2elu slHd4E H42 3
o 7 94x¢) £E% 25y WAELL nAY
Ashe o3t B,

(1) A7t Boheh Fuydsiel 2xt 3
cohAz $E¥RY LEE AAG FHE du
ek

(2) YABF HH4oL 2AREE FUdel
of gl A¥nrt Fo| gt B, CHeol 78 wWx

[e]

exab7} Al vebgte
(3) LA+ A B CY =5 Jdas} g

7t Z71 & Fshskn 500RPM, 150WeilA] B
e Aguwc 25 8% Frtelyd
(4) Lt 22 F/NA2E #ed =82 F
3 Eo et P E4E A st Fokrh
Hn2s

{1) Karweit, M. ], and Corrsin, S., 1975, “Observa-



Fol oA AT E 7HA 3

tion of Cellular Pattern in Partly Filled Hol-
izontal, Rotating Cylinder”, Phys. Fluids, Vol. 1
No. 1.

(2) Marto, P. J., and Wagenseil, L. L., 1979, “Aug-
menting the Condenser Heat-Transfer Perfor-
mances of Rotating Heat Pipe”, AIAA Journal,
vol. 17, No 6, pp. 647~652.

(3) Babin, B. R., and Peterson G. P. 1990,
“Steady-State Modeling and Testing of a Micro
Heat Pipe”, J. of Heat Transfer, Vol. 112, pp. 595
~60.

(4) Semena, M. G., and Khmelev, Yu. A., 1982,
“Hydrodynamic Regimes of a Liquid in a
Smooth-Walled Rotating Heat Pipe”, Zh. Fiz.
Khim., Vol. 44 No. 1 pp. 766~774.

(5) Yaghri, A., and Thomas, S., 1989, “Perfomance
Characteristics of Conce Annular Heat pipe”,
Transactions of The ASME, Vol. 111, pp. 844
~850.

(6) Ballback, L. J., 1969, “The Operation of a
Rotating, Wickless Heat Pipe”, M. S. Thesis,
California.

(7) Chan, S. H., Kanai, Z., and Yang, W. T, 1971,
“Theory of a Rotating Heat Pipe”, Journal of
Nuclear Energy, Vol. 25, pp. 497~487.

(8) Daniels, T. C., and Al-Baharnah, N. S., 1980,
“Temperature and Heat Load Distribution in
Rotating Heat Pipes”, AIAA Journal, Vol. 18,
No. 2. pp. 202~207.

(9) Dainels, T. C., and Williams, R. J., 1976, “Theo-
retical and Experimental Analysis of Non-
Condensable Gas Effects on a Rotating Heat
Pipe”, Proceedings of 2nd International Heat
Pipe Conference, Bologna.

(10) Dainels, T. C., and Williasm, R. J., 1978,
“Experimental Temperature Distribution and
Heat Load Characteristics of Rotating Heat
Pipe”, International Journal of Heat and Mass
Transfer, Vol. 21, pp. 193~201.

(11) Edwards, D. K., and Marcus, B. D., 1972,
“Heat and Mass Transfer in the Vincinity of the
Vapor-Gas Front in a Gas Loaded Heat Pipe”,

3 s EgjolLo] g A¥HA AT 129

Journal of Heat Transfer, Vol. 94, pp. 155~ 162.
(12) Marto, P. J.,, 1972, “An Analytical and Experi-
mental Investigation of Rotating Non-Capillary
Heat Pipes-Final Report”, Naval Postgraduate
School. Monterey, Calif.,, NPS-59mX72111A.

(13) Marto, P. J., 1976, “Performance Characteris-
tics of Rotating Wickless Heat Pipes”, Proceed-
ings of 2nd International Heat Pipe conference,
Bologna, pp. 303~314.

(14) Daniels, and AL-Jumaily, F. K., 1975, “Inves-
tigations fo the Factors Affecting the Perfor-
mance of a Rotating Heat Pipe”, International
Journal of Heat and Mass Transfer, Vol. 18, pp.
961~967.

(15) REEEWM, AiliE, FN=K#., 1984, “KF 5
HEh [H#3 2 Heat Pipe »#:6E", HA#EME
RPI%E, 50% 457%, pp. 2162~2170.

(16) Nakayama, W., and Ohsuka, Y., 1984, “Opti-
mum Charge of Working Fluid in Horizontal
Rotating Heat Pipes”, Heat and Mass Transfer
in Rotating Machinery by Metyger, ISBN
0-8916, pp. 633~644.

(17) Dakin, J. T., 1978, “Vaporization of Water
Films in Rotating Radial Pipes”, Int, J. Heat and
Mass Transfer, Vol. 21 pp. 1325~1332.

(18) Wilkins, D. G. and Bromley, L. A., 1973,
“Dropwise and Filmwise Condensation of Water
Vapor on Gold”, AlchE J., Vol. 19 No. 1, pp. 119
~1

{19) Shimizu, A., and Yamazaki, S., 1984, “An
Experimental Sutdy of Helical Guide-Type
Rotating Heat Pipe”, Tokyo NationalTech. pp.
75~82.

(20) Semena, M. G., and Khmelev, Y. A., 1983,
“Investigation of the Hydrodynamic Regimes of
a Liquid in a Smooth-Walled Rotating Heat Pipe
-2” Zh. Fiz. Khim, Vol. 44, No. 1, pp. 8~14.

(21) Sokolov, V. I, 1976, “Centrifuging”, Lzd,
Moscow.

(22) &fE=,
B2 ®HET
pp. 111~117.

B E—,, 1982, “Heat Pipelz
HAMWEFRIIE 457 389%





