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Figure 2.6 Similarity velocity profile for laminar boundary layer flow on a plate aligned with
a free stream.
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Figure 2.8 Boundary layer with unheated starting length.
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a new di) fonless artification | By
Yo = ﬁ & = #
Yex (HH‘;I;S,'."' Ray = BMI";-_ e (81
L) ?;f{r__.,: 1 —%. AT =Ty — Tuly)

Egquations [4.79) and {4.80) can be inlegrated numerically from y, = 0 1o
¥« = 1 o determine 8,1 y,, b} and ¥, (¥, b). The local heat flox s then

o (¥) ML-T2
= l(a:)” HRa> (1 = bya) (4.82)

Intcgrating g™ over the wall helght M yields " and the overal] Nussell number
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Figure 4.8 Heat transler betwean bwn fluid mservolrs separated by a vertical wall with natural
convection boundary layers on both sides. Note that bath Nug , and Ra, sre based on the
overall temperature diference AT = T, = T... (From Rel. 24.)

based on |he Oseen-linearization method (Chapler 5) [24]. This approach con-
sisls of wriling inlegral conservalion equations analogous to eqs. (4.40) and
(4.41) for both sides of the wall, with the ndditional complication that the wall
femperature Tyl ») is unknown. The additional equation necessary for deter-

Tais the fition of heat Mux continuily in the x direction, from one
face of the wall 10 the other, In Fig, 4.9, both the overall Nusselt number and
the Rayleigh number are based on the overall temperature difference imposed
by the two fluid reservoirs. The heat transfer rate (hence, the ratio Nug.,/
Rajf*) decreases as the wall thick resistance f ter i The
dimensionless wall number proposed in Ref. 24 is

wall a/o,

L pae (4.85)
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forced phenomenon characterized (approximalcly) by the scales of pure natural
convection, and conversely, under what conditions is it characterized by the
scales ol pure forced convection? In other words, what is the criterion for the
transition from one convection mechanism o another?

If the mechanism is nalurl convection, the thermal distance between the
heat-exchanging entities is of order

@ ~ yR™  @r>1) (4.96)
as reservoir fluid supplies the buoyant wall jet of thermal boundary layer thick-

ness (5;)ye On the other hand, if the mechanism is forced convection, the wall
and the reservoir are separnted by a thermal length of erder {cf. Chapter 2)

B ~¥Re;ZP™ | (Pr>1) (497




Redrawn from the
data of Ref. 34
and Fig. 4.12

4.1 W

fe— —
Forced Natural
convection convection
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Figure 413 Correct transition between natural and forced convection on a vertical wall when
Pr=1.
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