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Numerical Analysis on Fully Developed Laminar Forced
Convective Heat Transfer in Circular Tube with
Internal Longitudinal Fins

by

Kuniyasu KANEMARU¥*, Nobuji KAWAE**, Toru SHIGECHI***
and Takashi YAMADA **%*

Fully developed laminar forced convective heat transfer in a circular tube with internal longitudinal
fins is analyzed using the finite difference method, with the proviso that the flow is also fully developed.
We adopt two kinds of thermal boundary conditions at the outer wall of the tube: constant wall
temperatures and uniform heat fluxes. Extended Nusselt numbers based on the outer wall temperature are
compared for the wide range of the geometrical parameters and the follwing results are summarized:
(1) The equivalent diameter of the conduit affects the velocity profile of the fluid and the resulting flow
pattern controls the heat transfer mechanism.

(2) When the thermal conductivity ratio of the fluid to the tube material is small, the heat transfer
augmentation by the fihs is not effective.

(3) When the thermal conductivity ratio of the fluid to the tube material lied in the order of 100, the effect
of wall thickness on the heat transfer coefficient can be neglect. Furthermore when this ratio is
greater than 500, the thermal resistance of the fin can be ignored in respect to the heat transfer.
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Physical Model and Meshing for Calculation
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Fig. 2 Variation of Friction Factors
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Fig. 3 Variation of Nusselt Numbers
(Effect of H, Wall Heat Flux=Constant.)

T

ltw=consl., B=3.0°

arroooocoooog

<> O
o> 0
o> O
o> O
o> QO
obn |
opn |

o
A
4

o>

AMAAAAAABALAA L L
0006000000000 @

Nu*

A=500,
M=500,
»=10,
A=10,

W=0.2,

W=0.8,

w=0.2,

w=0.8,
i

0.6

dof dip

H=0.2
H=0.2
H=0.2
H=0.2

opoD

2x10”

0.2 0.8

Fig. 4 Variation of Nusselt Numbers
(Effect of H, Outer Wall Temperature=con-
stant.)



106 PERRE 7 4 v EE O T LB isas i ava 2

DT, 74 VB M O, bbb dd, ORY
IZE b T, —BICEICMOBICIRSR, M #
PECBEE, PREDEE S LD EHbhb,
T4 V@R, H=0.208 21, 74 VEMTFTH
HEVBEEEOFEFBIIR S nix\,

40k, SMEBER—ETT- L ERBRTHY, B
—BIREOHE LA, H=0.20t &3, 74 V%
FIFTHHEVEGEEOREL RN B2 S,

BATEEES W OIEX L MUK 58
T, BREIS W 8020880 EHELT, ¥
ERLURBICBVTERE LI, FEAEBREXD
BEPECEHT, BRTUEGEERIB5000 LD &
&, FFFEEEOTNCTOHEMPRNS A —FiTD0n
THILT %o XV MBUL Nuw'/Nu' (W=0.2) OZAL
CEBRENC A/, FERDRL WA, 5 SRR M
BT EEET, N6REREORETHS, H
DREWVITE, WOV MEHADEEITILKEL,
AT BEEES L U7 4 VOBEERO
B, 500 KEVESIE W OBV M REANORE
hEW EBbh B,

RIS, BUREROLID, RV FEADOY
EERRB7DIT, BREB KUY ¢ VORBGEERS
ERADOBED A )V MUTE - 7 HER X )V MO
o Nuw'/Nu' (7= o0) et Uiz, E21E, . SORM,
HIC0. 94 EDOFHBNRS A -2 DBFEEFIZELTE
D, IhH kD, BEEROLIBPIEEDOK & X
ThhiE, BATEESE W=0.80ESETTHrD
ERTTT 4+ Viasid H=0.208 3 £ TOHHT, 1
H500LL ETHNE, 74 VESIE H=0.5%TOR
BT, BRIV FBICRTAEER, TLALER
TE5, iz, MTHBLU8R, COLEDXEIVF
BHICH LEMEBOEERLTEY, H %43
W BKEWNEE, POXVI MEAOBEBI A
W2 kbR B,

1.0 1
"""""" RN 0500 ¢ 00 0 o--0 -4
S MAMAMAMMCKCAAAA A A A A-hob-gd
& o0 == B et 4
[~} P B '
I Nt e
2 EEL s B A*=500 O H=0.2, W=0.5
= o8 2 A H=0.2, W=0.8-—
] — H=0.8, W=0.5
> v H=0.8, W=0.8
«\ - A*=10 @ H=0.2, W=0.5
2 0.7 A H=0.2, W=0.8-]
z - - H=0.8, W=0.5
Q=const., p=3 .0"] """ H=0.8, W-0.8
0.6 L L

) 0.0 0.2 0.4 0.6 0.8 1.0
de/ din ‘
Fig. 5 Variation of Nu*/Nu*(W=0.2)
(Wall Heat Flux=Constant)

1.00 —oME R AT A O A O B &A@
S 098
?I' WONNENE0P0OO g0 060 0 0 ¢ & o o
=z 096
’2 000 AMMMAMAAAAAL MM A s A A A A A A4
«; =500 O W=05
Z 0.920- s A W=08....
. tw=const., B= 3.0°, H= 02 M=10 @  W=05
.90
0 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

do/ dip
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0.2 9 |0.625 | 4.64
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0.8 | 21 | 0.134 | 63.5

0.2 | 8 |0.642 | 4.68

0.2 [3.0°]0.5| 7 |0.444 | 8.97
0.8 | 17 | 0.143 | 67.7

0.2 | 6 | 0.692 | 4.69

6.0°| 0.5 | 6 |0.458 | 9.22

0.8 | 13 | 0.147 | 61.4

0.2 | 9 |0.625 | 4.62

1.5° ] 0.5 | 8 |0.434 | 8.88

0.8 | 21 | 0.134 | 59.5

8 | 0.642 | 4.65
0.444 | 8.88
17 | 0.143 | 63.0
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6 | 0.692 | 4.66
0.458 | 9.11
13 | 0.147 | 57.5
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9 | 0.625 | 4.60
0.434 | 8.22
21 | 0.134 | 56.6
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0.2 8 | 0.642 | 4.64

0.8 13.0°] 05| 7 |0.444 | 8.81
0.8 | 17 | 0.143 | 59.7

0.2 | 6 | 0.692 | 4.64

6.0°1 05| 6 | 0.458 | 9.04

0.8 | 13 | 0.147 | 54.7

Table 1 List of Nuj,, and M (for 2*=100)

| H | W
1.5° 0.2
3.0 0.2 |05
6.0° 0.81 | 2| g | H | W
1.5° 0.2 500 1.5° 0.2
500 |3.0° | 0.5 | 0.5 | | [0 13.0° | 0.2 ] 0.5
6.0° 0.8 6.0° 0.8
(a)Q=Const. v(b) t,=Const.

Table 2 Combinations of calculation parameters
which satisfy the condition Nu*/Nu*(2*=
) >(). 94
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