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Numerical Analysis on Laminar Forced Convective Heat
Transfer in Thermal Entrance Region of Circular Tube with
Internal Longitudinal Fins

by

- Kuniyasu KANEMARU*, Toru SHIGECHI**
and Takashi YAMADA **

The laminar forced convective heat transfer is numerically analyzed in a circular tube with internal
longitudinal fins, where the effect of the finite conductivity of the finned tube was taken into account in
order to investigate the application of carbon steel tubes in heat exchangers. It is assnmed that the velocity
profiles are fully-develped at the inlet of the tube and that the heat flux at the outer wall is set to be
uniform. Owing to the axial symmetry, the cross sectional area to be solved is limited to the circular sector
which consists of two parts, fluid and finned tube regions. The governing equation for energy was analyzed
by the implicit marching finite difference method after the velocity profiles were numerically obtained.
First the numerical solutions in the thermal developing region obtained by the current method were com-
pared with the numerical results based on the fully developed energy anq momentum equations and good
agreement between the former results far from the inlet and the latter was confirmed. For the wide range
of geometrical parameters as well as the conductivity ratio of finned tube to fluid, the numerical calcula-
tions were carried out. It is found that the augmentation of the heat transfer is induced by a flow peak bet-
ween the fins facing each other and that the optimal fin number at the thermal develping region in most
cases agrees to that of the fully-developed case.
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Fig.3 Temperature Contours and Outer Wall
Temperature Profiles at k*=50, H=0.5,
W=0.2, M=6 and f=3°



&N MR- #E R 29

X=0.02 — isotherms  T(0)=0.8613
k*=300 === isovels

g:%’z FnTp

M6 006 p ‘!_9!"""‘\

@ iB=% 908 N @Q&‘%‘gg N ““\
S i
ernaasuait g gl
Hanketan

. It X \

T.=04192 | $ $ $ T (e4B1=08619

¢ 045050 060 070 0.80 085 © -

i X=002 — isotherms T, (0)=1.0247 — & Z
T k*=10 --- isovels &%
| H=05

i W=0.2 Fin Tip

1
| u= 006 Y LN o
() | B3> O ¥ .0
goos). e“gﬁ{\‘?ﬂ‘ :I%““‘“ ““}““\
poY SR OEN TN
e

= vl SN SRR

ey
| T
| B

X=0.02 — isotherms T,(0)=1.5405 -
k*=500 === isovels 7

©

$ )=1.5411
T.=1.4980 150 %02 45 0.03 T (e+B)=1.5
X=0.02 — isotherms T,(0)=0.8508
k*=500 -—- isovels
H=05
w=0.8
M=6 Fin Tip

(@)

|
T=041364 g5 06 07 08 To(0:+B)=0.85094

Fig. 4 Temperature and Velocity Contours
(a) k*=500, H=0.5, W=0.2, M=6 and = 3°
(b) =10, H=0.5, W=0.2, M= 6 and g=3°
(c) B*=500, H=0.8, W=0.2, M= 6 and g= 3°
(d) k=500, H=0.5, W=0.8, M= 6 and = 3°

BRI CEETOREY + VERNTORGAREL D L E
W iz, 74 VHBADOREARILZOR IR,
=508 ERTHI LN TERVI LERLTY
%o MEEREORFRERES MY, Fig. 3OIIRT,
74 VRD 0=0) TORER, HR+527+V
DOFEE =a+p) OEE LD HENT LITHK

BV,

—#D Figs. 4 (@~(it, X=0.02TOEREH L&
BERY, ThZNERLBRTRLTEY, REHC
el & SHBEDFT EFIROTWH CORE A LT
%, Fig. 4()icid, k=500, H=0.5, W=0.2, M=
6B LUB= IR T AEREHBOEEL L TEA
TRLTWA, JIT, JOBMEROMIT, 5V
A —REW, K- ATV VRS EORAEDE
CHELTWA, KRMD, 71 VEBLIUENDORE
HEMEEA EEATE, SHETORESMIL, 6 O
BN & A7 TIEBICHT LI L TWD 2 &
bhb, —H, 71 VERTORGREARIIKE W,
PR TEINAEESRL, SRE LEUCERL
TW5h, E7:, Fig. 40i3k=10THO/N5 A —21d
B LB EOSERERT, JOBE, SREDT
REHPERORBIZB VT LA YRLAN TS
D, 0=a+pCONEREL, 6=00FZnEDH%
DKELB, DFIC, Fig 4, X=0.02TD%
BRICHT AT 4 VEIOFEZRLTW5S,ZI7T,
HENRSGA—2 2 LT, =500, H=0.8, W=0.2,
M=6% L U8=3 BRIThT\5, TOBRTH,
ORI BIFE IR %570, EESAHBHE S
EHL, 74 R ERBICERE2 7« VEOPHE
KAHELV—TPEL, BEOL—TI, #iELD D
K&V, Thdz, 74 VORHOREY—7H, 74
VHRLMLED TN L RTNE b, HHED Fig.
4L, BHOES W OFBERL TS, RND
EFELD, W oM, NETOREIRORS %
BT 5, W=0.8D%EDEEEPRORES ML,
Fig. 4 @ZHA~RFFEFICTFETHD, ThiDELNh S
REV MU, HEDOLDEIFEAYRALTH S,

3.2 HEXEL MK

Fig. 51213, H ® M DX 5 EHIR/S5 A —F D
EREICRITTEEY, ROTERINIEX LT
BaAVORT, CORRICELD, ARENERH
DEGEX IV MR, T ITHE AN DB
R Lok LK RABRE D BONREE L X
N, H=0.2I28 LT X=0.2X 0 TR T, H=0.81C
HLT X=0.05L0 TFTMTLAUDOBET—HKTHL
WHRERZB, Fig. 5 IomRShzihigky, 74V
BEICE L CRAELD S L, BLUIORAEER
52574 VOBEE, T4 VEILEDERLD
bbb, ¥, F=50008B4, 74 VOREE
KEOBERIRESHBINL L BDD S, &
B0 E DI E N (X) D M 23 BRI FRET



30 ERILER LA 7 + vAEOREEK B IRSRH REEE T

BB, H OBk 5 EEREDRIIKE SR
TER,

Fig. 6 {3, BMEZEROKE DREFTX LIV M Nu
X RITTHEE, RN Z A —2 H=0.2, W=0.
2, M=8 BLrU p=F R LTERLTWA, b DI
Mok, XU bEEEmL, X Ofme &I,
FNZENOEWREIE ST W5, ZDBEDRERE
H MEN - DEBREDRIR & < v,

—— H=02,k*=500
——— . H=0.5, k*=500
------- H=0.8, k*=500
————  H=02,k*<10
------------- H=0.5, k*=10
————  H=08.k*=10
100 117 LI =E T T
. TN .
- rd ~ .
4 \
50 : , ,’ j
7/
/
- / |
oy
¥ 20 i
=
10 -
5 ]
2 !
Q LU 20 30

Fig.5 Asymptotic Extended Nusselt Number
against M (Effect of H and %*)

10 TTTTTIT]

— k*=10
k*=50
k*=100
k*=500

3
*
= -
=z
5 -4
g b b

0.00 0.02 0.04 0.06 0.08 0.10
X .
Fig.6 Variations of Local Nusselt Number
against X (Effect of £*at H=0.2, W=
0.2, M=8 and = 3°)

50
llll'lllll H=0.6
———— H=0.5
_______ H=0.3
—_— H=0.2
------------- H=0.0
g 20
*
E \
10 ~— ]
R\ —
- \\\\\ -
s | TS
2 lIlIllIlll!ll(llllllllll

T4 VEIOBGEYEE LR T 57201, Fig.
74T B*=500, W=0.2, M= 8 B R UB= 3" D/5 A —
FICx U OB X %, #EEC Nur(X) DR L,
Fig. 4 TR SN L DIT, 74 VEEABEWV L, 2
DOBED T 4 VORI EICEEN—THRET S
DT, 7 4 VRIOEL, BfnZr KE{HET 5,

B, Fig. 813, M 2#ZEI T, =500, H=
0.5, W=0.2, LU =319 % Nur(X) DEAL
ERL T3, AROMELS, TN TORBICE -
T, 74 VEOBRECRE T AREES, 6~8BH7
DICHEST BT bk, ORI, WEHEN
B LUBEICH0RE L T 5 & LcBERNT 5
BN HERE LITIF B LT 5,

0.00 0.02 0.04 0.06 0.08 0.10
X

Fig. 7 Variations of Local Nusselt Number against X
(Effect of Hat #*=500, W=0.2, M= 8 and 8= 3°)

50 Illl’lllll

Nu*(X)

o b b b
" 0.00 0.02 0.04 0.06 0.08 0.10
X

Fig. 8 Variations of Local Nusselt Number against X
(Effect of M at *=500, H=0.5, M= 8 and = 3°)




i FEE- TR R

4.8 @
EOWNIMICHET + V2HT HAEHNBIER TR

BEOREDEXMD, CREEILZERLT, &M

BRI PR & 0 Bl A hiz, ABFTCHROH

TREREPENTLE, DEDLDICRS,

(1) BEEREBICE W TEONTERER &
VNG, TR IERICEEIC O RE LA D
BHTERIC X —% T 5,

(2) WARICH T BEEEM OBEERDL = D108
BEEQAIVEE, BOED 2007 4 VOREDN
BETONBERER T « VEHOFRLONETOZN
E0b, PEDELRD,

(8) 74 VEIOBNE, 2°o07 4 VORITEED
V=7 %fE), TORDIBMEENKIBICHES O
%,

(4) BMCEROHN B=500L KX\ &L, BES
DERZICN T 5B ERTE S,

2 £ X W

1) Hu, H. M. & Chang, Y. P., 1973, Optimization of
Finned Tubes for Heat Transfer in Laminar
Flow, Trans. ASME, ]. Heat Transfer, 95

(1973), pp. 332—338.

2) Masliyah, J. H. & Nandakumar, K., 1976, Heat
Transfer in Internally Finned Tubes,Traus.
ASME, J. Heat Transfer, 98, pp.257—261.

3) Mirza, S. & Soliman, H. M., 1985, The Influence
of Internal Fins on Mixed Convecton inside
Horizontal, Tubes, Inf. Comm. Heat Mass
Transfer, 12, pp.191—200.

4)

5

~—

6)

7)

8)

9)

10)

JUR] =< 73 31

Rustum, I. M & Soliman, H. M., 1988,
Numerical Analysis of Laminar Forced Convec-
tion in the Entrance Region of Tubes with
Longitudinal Internal Fins, Trans. ASME, J. Heat
Transfer, 110,30—313.

Rustum, I. M. & Soliman, H. M., 1990,
Numerical Analysis of Lamimar Mixed Convec-
tion in the Horizontal Internally Finned Tubes,
Int. J. Heat Mass Transfer, 33, pp. 1485—1496.
Soliman, H. M., 1981, The Effect of Fin Conduc-
tance on Laminar Heat Transfer Characteristics
of Internally Finned Tubes, Can J. Chem. Eng.,
59, 251—256.

Soliman, H. M., Chau, T. S. & Trupp, A. C,,
1980, Analysis of Laminar Heat Transfer in Inter-
nally Finned Tubes with Uniform Outside Wall
Temperature, Trans. ASME, ], Heat Transfer,
102, pp. 598—604.

Soliman, H. M. & Feingold A., 1977, Analysis of
Fully Developed Laminar Flow in Longitudinal In-
ternally Finned Tubes, Chem. Eng. J., 14, pp.
119—128.

Tao, W-Q, 1987, Conjugated Laminar Forced
Convective Heat Transfer from Internally Finned
Tubes, Trans. ASME, ]. Heat Transfer, 109, pp.
791—795.

Kettner, L. J., Degani, D. & Gutfinger, C., 1991,
Numerical Study of Laminar Heat Transfer in
Finned Tubes, Numerical Heat Transfer, Part A,
20, pp. 159—180.



