umped System Analysis
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onvection Heat Transfer

Convection heat transfer strongly
depends on the:

= fluid properties,

= dynamic viscosity yu,

= thermal conductivity k,

= density p,

= specific heat Cp,

= fluid velocity V,

= geometry of the solid surface,

= type of fluid flow

T=I53G

¥, =3 mis

Relative
velocities

of Muid layers

Zero

£ velocity
at the
surface

Ceonw = Goond = ~ Kiuia (Zl h= — Kiuig (9T /9y) y=0
Ylyeo T,-T.
usselt Number, Nu
Oy = NAT 7
s " Moo
_(.:{COHV = E = Nu \TI
Geond K AT—T;=T,

= The larger the Nusselt number, the more effective is
the convection. A Nusselt number Nu = 1 for a fluid
layer represents heat transfer by pure conduction.




elocity Boundary Layer

Laminar boundary | Transition ! Turbulent boundary
‘ region layer

layer

‘

o
e .‘; Ifurhu\cm
wi 2 ayer
i

"""" Buffer layer
Laminar sublayer

Boundary-layer thickness, 8,

= The region of the flow above the plate bounded by &, in which
the effects of the viscous shearing forces caused by fluid
viscosity are felt is called the velocity boundary layer.

= The thickness of the boundary layer, 3, is arbitrarily defined as
the distance from the surface at which V = 0.99 Veo,

aminar & Turbulent Flows

= Laminar flow is characterized by Smoke
smooth streamlines and highly &2 | Tubulen
ordered motion, e
Laminar
= Turbulent Flowis characterized by : 4 [ fow
velocity fluctuations and highly §) %

disordered motion.

- - V., Free-stream velocity [m/
inertiaforces V.6 - o tyims
= = 6 Characteridic length, [m]
viscousefources v ) . )
v Kinematic viscosty (u/p),[m”/s]

Q Critical Reynolds number is the Reynolds number at which
the flow becomes turbulent.

Re, ~5x10°

critical, flat plate




hermal Boundary Layer

B A thermal boundary layer develops
when a fluid at a specified temperature
flows over a surface which is at a
different temperature.

The thickness of the thermal boundary
layer 8¢ at any location is defined as the

Free-stream
|

distance from the surface at which the
temperature difference (T-Ts) equals

0.99(Too-Ts).

The thickness of the thermal boundary
layer increases in the flow direction.

Pr

The relative thickness of the velocity Pr

and the thermal boundary layers is

=1 MostGases,

<<1 Liquid Metals,

described by Prandtl Number. Pr>>1 OQils.
= Laminar: hox
Nu, = = =0.332Re? Pr'®
k (Pr=06)
Nu = hT<L =0.664Re!” Pr'®
= Turbulent:
Chx 5 0.6<Pr<60
NU, =7~ = 0.0296Re, 5x10° < Re, <107
hL 0.6<Pr<60
Nu =~ =0.037Rel* Pr** 5x10° < Re, <107
= Combined:

1(* R
h= I .ll; hx,lamm ardx + ;I;hx,turbulmtdx

= All properties are evaluated at film temperature as:




atural Convection, Physical Mechanism

= The magnitude of the natural
convection heat transfer between a
surface and a fluid is directly
related to the mass flow rate of
the fluid.

= The higher the mass flow rate, the
higher is the heat transfer rate.

= The mass flow is established by the
dynamic balance of buoyancy and
friction.

rashof Number, Gr

= Grashof Number, Gr, is @ measure of the
relative magnitudes of the buoyancy force and
the opposing friction force acting on the fluid.

G < buoyancy forces _ gApV _ g ATV _ gB(T,-T.)5°

viscous forces 3% pv V2

g Gravitationa accelerati on[m/s?]

B Coeff. of volumeexpansion, UT,[1/K]
AT T,-T.,[°C]

J  Characterigtic length, [m]

v kinematic viscosity, i/ p,[m?/g

Hot
surface
Friction
| force
Cold
fluid
Warm
| fluid
i
.T
Buoyancy
force

= The Grashof number provides the main criteria in determining whether the

fluid flow is laminar or turbulent in natural convection.

Gr<10° Laminar
Gr>10° Turbulent




Natural Convection Over Surfaces

ho

Nu="" = C(Gr Pr)" =CRal

Where Rayleigh number, Ra, is

_ 3
Ra = Gr Pr =7gﬂ(TS ZT‘”)5 Pr
v

The values of the constants C and n

depend on the geometry of the surface and

the flow regime,

and 1/3 for turbulent flow.

The value of nis usually Va4 for laminar flow

The value of the constant C is normally less
than 1. (Table 11-1, P 587)

J./ Stationary

Muid
a1,

atural Convection Inside Enclosures

Cold e Haot
surface || [T Lefurface
|
1

. ‘ Velocity
5 | A 3
¢ w | profile

Light fluid

N
(Mo Huid motion)
i

v, == A

Heavy fluid

) Hoe plisre at the op

(b Hot plate st the bottom

Ra = 98 (T, _2T2)§3 Pr
v

5 Distance between the hot & cold plates[m]
T,, T, Temperaturesof hot & cold surfaces[°C]

. i T
Q = hA(T, - T) = kNuA, 5
L

HL

xL(D, — Dy)
| m.ip)

D,

rectangular enclosures
concentric cylinders

coneentric spheres




