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6-2. A2l M (Viscosity)
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6-3. & HAS (Velocity Bounéary Layer)

— A consequence of viscous effects
associated with relative motion
between a fluid and a surface.

— A region of the flow characterized by
shear stresses and velocity gradients.

— A region between the surface
and the free stream whose
thickness & increases in
the flow direction.

— Why does & increase in the flow direction?

— Manifested by a surface shear
stress r_ that provides a drag
force. F, .

— How does 7,vary in the flow
direction? Why?
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6-3. = AAI= (Velocity Boun

dary Layer)

o Fo : N EH FYR T2E QM2 SF A°| AP 2 U0, FUT W S 0 ~ u, NSl TN F I
u i ;
FUF SM(5), 5> 222 =099 or L < .0 (6.4)
Uoo [
j A% | Folodod | sHEA A
l zs.(xg&*—%}mrs s
—s U
. | Ty FSSE, Reynolds %=
_ oo =7 L2 TRAE Re, < 5x10°
vi AF AN L o (f:_utw)—’ ) Hol g% 5% 10° < Re_ < 10°
SO T =i, ) ot s\ i[J -—————'/ 1 XD 0178 <
R I = B hia B2 0
\ - o L :lox'lﬁ -
} 2 : A
J2 6.3 oo WE S50 AAM FAISe
o 95T FHHUS UF) : WS 95 vs EHM(potential) SE(FUS HE 85)
* BEM 85 : ST 2 NHIEO = 8% ho 7 e/
Mv r -

5
/= .
| o is
=
SR A
I
L &
— x4

J8 6.2 RAHJL BEH 98 58 0 YMEE 2=FAS




Chap 6. Cli52| #2|

6-3. &= ZAI=E (Velocity Boundary Layer)
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6-4. ¥ A= (Thermal Boundary Layer)

 Thermal Boundary Layer

— A consequence of heat transfer
between the surface and fluid.

e

— A region of the flow characterized
by temperature gradients and heat
fluxes.

— A region between the surface and
the free stream whose thickness S,
mcreases 1 the flow direction.

— Why does o, increase in the
flow direction?

— Manifested by a surface heat v o
flux ¢ and a convection heat
transfer coefficient /7 .

— If (7, - T, ) is constant, how do ¢” and
h vary in the flow direction?
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6-4. ¥ A= (Thermal Boundary Laver)

h.x hoAT
I\ N : 4-\1- S I a X : =
1)  Nusselt £(Vuw,) u, . N
* 8N Eﬂ/\smg!zs_s %E:: TNI2E(T,), FMEHE & 2

2) BRE 4 (Pr): Pr= — = $F3AZ

4,

Uy ————

(b)

a3 6.6 Pr£2 3|0 IE 4= ¥ dFAS| HiN B8

Pr<il

hx aT
: y > Nu, = — v = Re™PT"
(6.13) = ks ay Y¥=0
o S ol
3 2EM > 1= —— 6-14)
E5% o] 54 (6.17)
FE e
T,
y Vo ‘
T, A RS .
"_:_:! z}ﬁ;—j—ﬁ;__ L =7 G
e R e AL

38 6.5 X237t 12EHE RS O Y4sis FBAS

FHe Prof ME F Y £ FAS FHQ HhE 37|

6.2
[SPESE] Prg Ati=7] & 2o|

- o §=4,
714\ (gas) Pr= S5 0|48 =907 0|4 E

A 5> 6,
AH(7]8) Pr>1 S5 0|48 > QoA ol$E

5< 8,
AR F& :r<<1 S5 o]F$E < BAYA ol%E




=0 IAZR%E by
Chap 6. Ci&e] 2| T aomt g by
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The Reynolds Analogy

+ Equivalence of dimensionless momentum and energy equations for
negligible pressure gradient (dp*/dx*~0) and Pr-1:
(6.21a)
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+ Hence, for equivalent boundary conditions. the solutions are of the same form:
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With Pr= 1, the Reynolds analogy, which relates important parameters of the velocity
and thermal boundary layers. is

C
-
)

G :
;*' = & Pr?®=jy 0.6 <Pr< 60

* Modified Reynolds (Chilron-Colburn) Analogy

— An empirical result that extends applicability of the Reynolds analogy:
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— Applicable to laminar flow if dp*/dx™ ~ 0.

— Generally applicable to turbulent flow without restriction on dp*/dx™*.
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Problem 6.19: Determination of heat transfer rate for prescribed

6-6. x2S Q} AAH(Similarity)
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ANALYSIS: For a prescribed geometry,

No=hL _
k

turbine blade operating conditions from wind tunnel data
obtained for a geometrically similar but smaller

blade. The blade surface area may be assumed to be

directly proportional to its characteristic length( A4, =« L) .

SCHEMATIC: g
?1.1500 . A /‘ 2
. e . T,2=400°C
oy 5,2
T=35°C To=35C '

V;=100m{fs

Ellﬂllﬁm -l

ASSUMPTIONS: (1) Steady-state conditions. (2) Constant properties, (3) Surface area A is
directly proportional to characteristic length L. (4) Negligible radiation. (5) Blade shapes are
geometrically similar.

V,=50
=30ry L—-L2=O.3m —

The Reynolds numbers for the blades are

REL_I = (VlLl /‘!’1 ) = 151_1]2 f‘SA‘] RSL_2 = ('V:Lz /‘I’: )= 15]_1_12 ;"SA’Q_.

f(Rep .Pr).
Hence. with constant properties (1‘1 =, ) Rep ; =Rey 5. Also. Prj =Pry.
Therefore.
Nu, = Nu,

(aLa /Ky ) =(DyLy /Ky )

T _L = _L a
Ly * Lray(T-T)
The heat rate for the second blade is then

T.»-T,
qﬁ—h'vl')(_[g'y T:D)—L—l A2 M

q1

A (Ts.l_rx)
T.,-T 40035
qp =—2= Iqlz(_ - }(1500w)
T1—Ts (300-35)
Qs = 2066 W.

CONMMENTS: (1) The variation in v from Case 1 to Case 2 would cause Rey > to differ from

Rer.. However. for air and the prescribed temperatures, this non-constant property effect is
small. (i) If the Reynolds numbers were not equal (Rey j = Rep; ].knowledge of the specific form of

f [ Rey Pr ]would be needed to deternune h,.



