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A Study on the Heat Transfer of Fin similar to Thermo-syphon
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Abstract

The extended surface have wide industrial application as fins attached to the walls of heat
transfer equipment for the purpose of increasing the rate of heating or cooling. In the case of
one-dimensional steady state conditions of fin, heat conducted along the fin from the base is.
lost to the surrounding fluid by convection. There will be a axial temperature distribution.

This paper examines the empty fin similar to the thermo-syphon for the purpose of increasing-
heat transfer efficiency. A small quantity of working fluid is placed in a empty fin from which.
the air is evacuated and the empty fin is sealed. The lower part of empty fin is heated causing:
the liquid to vaporize and the vapor mov e to the upper part of empty fin where it is cond-.
ensed.

In such a empty fin, a surface temperature of fin can be similar to base temperature of fin,
because of higher heat transfer coefficient of film condensation. Therefore, the empty fin can,
be increased a fin efficiency nearly to 1.0 and its efficiency doesn’t be influenced nearly by
conductivity of fin. The results obtained to the use of empty fin will contribute to improvement
of heat transfer fin.-
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X(mm) Base Temperature of Fin : 80 °C

Outer Air Temperature : 20 °C
64.00 74,.88 °C
51.00 75.00 °C
2913 76.00 °C
19.33 - < 77.00 °C
12.07 - -~ 78.00 °C
5.76 79.00 °C
0.00— 80.00 °C

Fig.2-3 Temperature Distribution by Numerical Finite-differennce Technique
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Table 3-1

Component

Cu 59.98%

Zn 35.78¢9 ! Sn '

Ph 2.847 f Ni

0.
0.
0.167
0.

Si 0.122
Al : 0.11%
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A pparatus
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Fig.3+5 Photo of Experimental Apparatus

Fig.3:6 Photo of Experimenta] Fin
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Fig.4-2 Flow Chart for Numerical Solution of Temperature Distribution to the Empty Fin

A RE mE ERS EA kT S H#E Yz gk ol F 23 glolA &9 a3
o gl T,,T,, Ty Miifiite] 0¢ To2¥el 16mm, 32mm, 48mm | frife] K&z ME
Hol A MEF @Eeld, T, 49 whedol A JEdt BiEelst. =g, ki 239 #d Tus,
T, Too B Tin & 4% T, T, Ty 2 T;HES HE] A8 SBH/ 5 dEd REL
meo) seedpkol fkd BRI WESelrh. ¢ 4Me 2RAA EiEe]l HiRdl &Ll Sle Hoz
po} WIER FEEHke kI WES WEEES & —Fstn dE AL & F



°C

T s.56

Calculated Value

PEFTES R S LRV [

80 | /
60 |- «’®

Lo |- &

QO/QLEiIIILL

20 40 60 80 100

Measured Value T

Fig. 4-3 Comparison of Calculated Wall Temperature
with Measured Value at x=48. 0mm

WO r—T—TorsT o0 71
T WATER a
L R-113
- o -
00 L rd -
- & -
/
80 ./,.' -
60 +— /..’/.
- P
[QO - /I -
20 | N S P A S T R S
20 40 60 80 100 140
Measured Value T2 °C

Fig.4-4 Comparison of Calculated Wall Temperature
with Measured Value at x=32. 0mm

239



240

C
=
o

Te.24

Calculated Value

°C

Tis

Calcutated Value

BEEN AR KB RYE K58

100 |-
80 |-
60 —

40—

20/1/11111||111

20 40 60 80 100

Measured Value T3

Fig.4+5 Comparison of Calculated Wall Temperature
with Measured Value at x=16. 0mm

<
80 i /

60 : /.4-
L0+ /’

Wr—rT—TT T T T T T T 77
| WATER /:

20/1[Lllilflll

20 40 60 80 100
Measured Value Ts

Fig.4+6 Comparison of Calculated Wall Temperature
with Measured Value at the Base

140
°C



w) g apo] B (R R0} ML [N

L R IR AEEE R s kS % e e ek, BE{TEERS] AR Rl BiERale] sizel AL fn
ARLE vERle Al s WEAEL S PR
Piole] &l h | —iEsl=n HEJjel wbe- TR WTiTERE 4

I o ) xﬂﬂslr/]—

_“

UIEE EAR A [ spy
Wod WG 2k lon) sF Hogsy
R4 S

N T

AR, R 13) 8 28 @10 B (el el T T, T, 59 HER i e

Spogkel Aol 4]

Zolrt. o] Zilell 4] oF

S) 3 T | " VP T !

] i ]
2 : i
0 L ) =

""" T N N T

2 4 6810 2 4 6810 2 3
q Kcal/m? hr

Fig. 4.7 Correlation of (Ts—T ) versus Heat Fiux



242 BEREAS LBk WXE 58

°C

120 77777 T T T T
MO WATER B
00 R-113

90 | )
80_ . ]
70
60 | .
50 |-
L0 .
30 |-
20 ' -
o+ - —
o LLILiill L Lt

2 3

34 6810° 2 4L 6810 2

q Kcal/m? hr

T1 ‘Tm

o ‘,‘
.‘...

|

e o
i

Fig.4-8 Wall Temperature Difference, (T;—T..) versus Heat Flux at x=48. 0mm

© 12011777 T T TTTTT
—  WATER . .
6 100 - R-113 ..r!. —
— . .s. —
~ 80} O —
’— —
601 " - -
. .’ —
LO}- Lt =
_ $' —
207 : . © ]
0 i ! bt

34 6810 2 L 6810 2
q Kcal/m? hr

Fig.4-9 Wall Temperature Difference, (T,—T.) versus Heat Flux at x2:32. 0mm



(At

A Zoa}o] ET (FE Ao BTl RHI BER

o 120 T ]
WATER
100 Roin S
— L) -
. 80 .
— . |
60 "
. 4
40 e
”
* _
20 L3 1
0 | N | | Ye | '@ |
34 6810 2 34 6810 2
q Kcal/ m? hr
Fig.4-10 Wall Temperature Difference, (T,—T.) versus Heat Flux at x=16.0mm
$ 20 N~_ &
E
@
(.3
<10
-
£

2 3 4 6 8 10 20
h Kcal/m hr°C

Fig.4-11 Calculated Mean Heat Transfer Coefficient versus Measured Value



244 BREFAR KBRE AL £58

HY EATEER MR Wit WEEET R =T, 29 @15, 19 @16 % 2d
(417 whZAA R R-1136] BIF #Relvh. 23 (4-12)~28 @ 1N A & 4 A& sk 2o
ZmpREEN A EATHEL M Mgl A 1 Ak F, 49 2XmEEEE T
S AY A—shez R 10002 FE 89 HEe g1l ok BMIFMMET dEAndA
BEEFRO T BUREE ez 2 A Table 4-1 Calculation of Temperature

Hre B AY SWKES MRS Aol Distribution by Numerical

125 Finite-difference Technique with
E4-1)e hEde FAREKBBEE 20C, A Changing of Thermal Conductivity

® MAERARES 80CE I WHHEAst s . 2(1){()&3 é‘,f;age surface ﬁ:aetr_atfsn:grface

& A4 AR A=A HEY hzdd Hal i i cofficient

A AEERES Wb w8 sl RES P 100-0 - 79-9057 6.4788

LEES BiEh TEHELR kg Aol 70-0 79.9030 6.4788

E@DAA dEds THREHE 3 ARH 50-0 79-9000 6.4787

Sl BT FRE K A Lol e 20 75- 8583 6. 4784

RiBES] 7] 7t k7] o Foll WY WHEY #Ee Quter air temperature : 20C
Inner gas temperature : 80C

SEEGE 19X & PEL 9A geve

A¢ ¢+ Ak

12171777 T T TTTTT] i
8,0 11— WATER —
' ILD ]O_ T e » *.g“.:‘.;.—_—_a
el R § o oo o
w 09H —
d|d pgl _
0711111l L Ll LLitll |
34 6810° 2 4 6810 2 3
q Kcal/m? hr

Fig.4+12 Dimensionless Wall Temperature versus Heat Flux for Water (x=48.0mm)



“ Rl M EE R} Ad e ek B

e
R
Oy

L2777 T T T
F;;?_(,. I WATER N
10 BEE e S . T
e e e T
T 09 e :
PPog|- =
‘ ) bt i

Fig. 413 Dimensionless Wall Temperature versus Heat Flux for Water (x=32. (n

3

q Kcal/m? hr

S

L2 T 777777

P WATE

1547 TTTTT [

. )
g! 4 - B
S ng

0h [

34 6

8

|
810° 2

q Kcal/ m’

3
hr

Fig. 4-14  Dimensionless Wall Temperature versus Heat Flux for Water (x=16. 0mm)

'17_[ T

A |

R A
e
i 4 M — -
| IR
£y
{3 ;
G9!
i
DIC .|
g
i
b7

Fig 413 Dimosioniess Wall Tempern

46 810

L 6 810

2 3

q Kcal/m’ hr

ture versus Hent Flos L0 R-113 (x= 148 gmm;
PN



246 WmERNE AR KB RUE BB

1217777 T T T TTTT
}_§'§H—— R-113 -
of b 10— _ _
| d B . o o o e °,°
N 09 | —

L L1l L L L L L] |

0.7 > 3
34 6810 2 L 6 810 2 3

q Kcal/ m? hr
Fig.4-16 Dimensionless Wall Temperature versus Heat Flux for R-113 (x=32.0mm)
1.2 RN F T T T 1T l
'78 '_?_ 11— R- 1? | —
DL 10 . O d - oo ]
mu . Og — —]
D|D 08 - _
0.7 L PP | L Ll |
34 6810° 2 4 6810 2 3

q Kcal/m? hr

Fig.4-17 Dimensionless Wall Temperature versus Heat Flux for R-113 (x=16. 0mm)

5 & b

e #e AEGEEZ HRA T A S A B FOMRE MRS AEEELC] 4t PE
& wm =4, 29 el %ol Aol HAE Eee Bl BE®E WA ¥ aHnE
AP AL old @ PIHE Mikals) ekl e s AR 1 P EEERE S 2
.

D hEape) ISk e AR NG AMAE 1L i gz 29 pEe A
1744 fEAZ 4 sleh.

2) R AFES MENFNAE BEE AA Yormz, SR ML HHsE A
BB AL HES Ao ¢ BT S AR ERT £ 9

a4 hzzae] el DAL KT B Fae il MR PrEs pEsd e 4 AT



AR atol T M 19 MAEe] [Me) B 247

2 E X ®

I F.D. Dunn, D.A. Reay : Heat Pipes, Pergamon Press, New York, p. 14 (1977)
2. J.P. Holman : Heat Transfer, kil AE, pp.44-47 (1980).

>

3. Frank Kreith : Principles of Heat Transfer, Intext Educational Publishers, New York, pp. 97-125

(1975).

4. W.B. Harper, D.KR. Brown : Mathematical Equations for Heat Conduction in the Fins of Air-Cooled
Engines, NACA Rep. 158 (1929).

5. E.R.G. Eckert, Robert M. Drake : Analysis of Heat and Mass Transfer, Mcgraw-Hill Kogakusha, p.
84 (1972).

6. Rohscnow, Hartnett : Hand Book of Heat Transfer, Mcgraw-Hill, New York, pp.3-113 (1973).
7oOBRMU AL, DR, A0 poTL (1978).

8. Hik12) 1 pp. 370-375.

9. America society for metals : Metal hand book, Metal Park, Ohio, Vol.1, pp. 1007-1028 (1969).

FO- VAU @« MO, WL, Wi p. 324 (1975).

T 08800 1 b o A - MR TIRYONG, NTUTARET AL, W, pp. 86-88 (1972).

120 PRunis MR ST e pp- 266-271 (1972).




248

yifiiz o] 71 Wikkst= RIEYIH
@fgel B W%
5 £

Study on the Transient Cutting Process with
Gradual Increase of Cutting Depth
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Abstract

The cutting force and the surface roughness were measured and analyzed by an

experiment on the low speed orthogonal cutting with gradual increase of cutting depth,

and the effects of some machining conditions in the transient cutting process were

investigated in this paper. Some results observed are as follows:

1. The transient region from the beginning of contact between cutting tool and wor-

kpiece to the steady state cutting is classified into three regions; elastic deformation

region, plastic deformation region, and cutting region. Moreover, these

are distinctly observed by the measurement of surfacz roughness and

profile.

regions

surface

9. The more the increasing rate of cutting depth, the less the sliding distance. The

cutting depth and the critical normal ferce at beginning of cutting are not conce-



