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Abstract - The existing flow regime map on mixed convection in vertical cylinders was investigated through
an analysis of original literatures and its re-formation. The original literatures related to the existing map were
reviewed. Using the investigated data and heat transfer correlations, the map was redrawn independently, and
compared with the existing map. The redrawn map showed that mixed convection regime was not curved lines
but straight lines and the transition regime was unable to be reproduced. Unlike the existing map with a little
data, there are lots of data in the redrawn map. The reviews revealed that the existing map used the data
selectively among the experimental and theoretical results, and a detailed description for lines forming mixed
convection and transition regime was not provided. While considerable studies on mixed convection have been
performed since that of Metais and Eckert, the existing map has still been used as the best method to distinguish

natural, forced and mixed convection regime.
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Fig. 1. Classical flow regime map on mixed
convection in vertical cylinders.
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Fig. 2. Classical flow regime map on mixed convection
in vertical cylinders.
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Fig. 3. Comparison of the velocity distribution observed

by Watzinger & Johnson and the ideal parabolic
distribution.
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Fig. 4. Dimensionless correlation of local mixed, free
and forced convection heat transfer coefficients
for buoyancy-aided flow.
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Fig. 6. Correlation of data for transition in
buoyancy-aided flow.
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Fig. 7. Nu vs. Ra/Gz for constant Graetz number (Oil).

Fig. 8. Nusselt number vs. Ra/Gz for constant Graetz
number (Water).
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Table 1. Information in literatures.

33

Brown Eckert et al. Kemeny & Somers
Boundary condition UWT UHF UWT
Flow Turbulent Laminar Laminar to turbulent
o Buoyancy-aided, . Buoyancy-aided,
Direction Buoyancy-aided
Buoyancy-opposed, Buoyancy-opposed,
. Water : 3~6
Prandtl Air : 0.7 . Water : 2~5
Oil : 80~170
36x10° <Rep=37.7x10" Water : 61 <Rep <6800 s ¢
3 4 . 6x10°=<Grp=10
Ranges 50x10° <Rex=<70x10 Oil : 3.4<Rep=630
0 5 ) s 1450=<Rep=15000
10°<Gr, <10 10°<Grp=10
Length scale Distance from heated wall (x) Pipe diameter (D) Pipe diameter (D)
L(m) 3.05 2.44 1
0.00635, 0.0127, 0.0254,
D(m) 0.61 0.05
0.0381
L/D 5 9.7~320 20
Table 2. Information in literatures.
Hanratty et al. Hallman Martinelli & Boelter
Boundary condition UHF, UWT UHF UWT
Transition, Laminar to Transition, Laminar to .
Flow Laminar
turbulent turbulent
o Buoyancy-aided, Buoyancy-aided, .
Direction Buoyancy-aided
Buoyancy-opposed, Buoyancy-opposed,
Prandtl Water : 5.52 Water -
3x10°<Grp<10* 10 <Grp<4.5x10°
Ranges -
40=Rep=350 140=<Rep=4300

Pipe diameter (D)

Pipe diameter (D)

Pipe diameter (D)

Length scale
L 2.52 0.92 -
D; 0.022 0.008 -
L/D; 114.3 115 -

Table 3. Convective heat transfer correlations for reconstructing flow regime map.

Authors

Correlations

Eckert & Diaguila

(Between Forced and Mixed)

Re;,=19.64(Grp)"* ®)
(Between Natural and Mixed) Re,,=7.39(Gr,)"*

(Transition laminar-turbulent) FRap= 9470(

1.83
RePr) @
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Fig. 9. Redrawn flow regime map on mixed
convection in vertical cylinders.
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Slol| AWk FalE|o] 1 o) de] Welel tisixlE o] A

== A8 471 glok Metais?} Eckert®] - o]
< Adst A9 S Bkl 5
o FESIE
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o

7154
D; : 2 433 WA (m)
Grp : Grashof 4= (gBATD/v%)
Gry : Grashof 4 (gBATH/v?)
G, : Graetz 5~ (RePr(Dy/L))
hy, D OREALEAS (W/mPK)
k : AEAT (Wm'K)
LorH DA ¥R =0l
Nup : Nusselt 9= (hhpy/k)
Nuy : Nusselt 4~ (hhy/k)
Pr : Prandtl 5~ (v/av)
Rap; : Raylelgh T (GrpiPr)
Ray : Rayleigh 5= (GrHPr)
Re : Reynoles 4~ (VDy/v)
A% : Mean velocity (m/s)

Greek symbols

. GEAHAIG (ms)
F-3) AT (m’/K)

: BAAAG (ms)

: AT (kg/ms)

: WE (kg/m’)
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