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V Heat Conduction
« Introduction to Convection
« Forced Convection
{ External Forced Convection
{ Internal Forced Convection
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Introduction to Convection

Convection refers to the heat transfer between a solid and a fluid in motion when they are at different temperatures.
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Forced Gonvection

Convection refers to the heat transfer between a solid and a fluid in motion when they are at different temperatures.

Forced convection occurs when we can impose the initial velocity (or mass flow rate) and temperature of the fluid.

FLUID DYNAMICS ] [ HEAT TRANSFER

Mass conservation — Continuity equation Energy conservation — 1%t Law of Thermodynamics
Momentum conservation — Navier-Stokes equations

Flow condition (Laminar/turbulent) — Re Boundary Conditions (Heat flux/Temperature)
Pr

Heat transfer includes advection!

F‘ Velocity profile: u(x,y) iL

- Shear stress 7, Temperature profile: T (x,y)

« Friction coefficient Cr
* Friction factor f




Forced Gonvection — Boundary Layer Equations
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Forced Gonvection

Convection refers to the heat transfer between a solid and a fluid in motion when they are at different temperatures.

Forced convection occurs when we can impose the initial velocity (or mass flow rate) and temperature of the fluid.

FLUID DYNAMICS ] [ HEAT TRANSFER

Mass conservation — Continuity equation Energy conservation — 1%t Law of Thermodynamics
Momentum conservation — Navier-Stokes equations

Flow condition (Laminar/turbulent) — Re Boundary Conditions (Heat flux/Temperature)
Pr

Heat transfer includes advection!

F‘ Velocity profile: u(x,y) iL

« Shearstress 7, Temperature profile: T(x, y)
« Friction coefficient C¢
» Friction factor f No slip condition u(x, 0) = 0 Transport Laws (Newton/Fourier)
Qconv = Qcond,wai h(Ts — Ty) = _kfa_T
ay =0

Nu 7



Forced Gonvection -

Convection refers to the heat transfer between a solid and a fluid in motion when they are at different temperatures.

Forced convection occurs when we can impose the initial velocity (or mass flow rate) and temperature of the fluid.
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1. External Forced Convection:

Flow Condition (Re) Thermal BC
* Horizontal plate ) Laminar vs Turbulent Heat Flux vs Temperature
»  Cross-flow around a cylinder
» Bank of tubes

1. Force.d _
Convection 2. Internal Forced Convection
. . Fl ition (R
. Circular pipe ow Condition (Re) Thermal BC
Laminar vs Turbulent Heat Flux vs Temperature

»  Non-circular pipe




Forced Convection — Laminar Flow Fully developed flow (x>x;; )

Internal Forced Convection @ External Forced Convection
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This Lecture

d Introduction to Free Convection
O Governing Equations of Free Convection

O  Grashof number and Rayleigh number

Learning Objectives:
1 Understand free convection

(O Derive the equation of free convection
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Introduction to Convection

Convection refers to the heat transfer between a solid and a fluid in motion when they are at different temperatures.
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Convection refers to the heat transfer between a solid and a fluid in motion when they are at different temperatures.

Forced convection occurs when we can impose the initial velocity (or mass flow rate) and temperature of the fluid.

A solid is in contact with a fluid at a different temperature. Free convection occurs when temperature-driven

density changes result in a net-buoyancy force that sets the fluid in motion.

® The velocity and the temperature of the fluid are controlled by the heat exchange with the solid.

® Free (Natural) Convection
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Free convection occurs when temperature-driven density changes result in a net-buoyancy force that sets the fluid in motion.

( FLUID DYNAMICS ] [ HEAT TRANSFER

Mass conservation — Continuity equation

Momentum conservation — Navier-Stokes equations Energy conservation — 1% Law of Thermodynamics

Flow condition (Laminar/turbulent) — Re Heal transfer includes advection! IIB)oundary Conditions (Temperature)
r
F Velocity profile: u(x,y) Temperature profile: T(x, y)

« Shearstress 7,, v

+ Friction coefficient C,
- f Temperature-driven fluid-motion!
* Friction factor f

No slip condition u(x,0) = 0 Transport Laws (Newton/Fourier)

Qconv = Qcond,wail h(Ts = Too) = —kp o=
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This Lecture
J Introduction to Free Convection

O Governing Equations of Free Convection

O  Grashof number and Rayleigh number

Learning Objectives:
nderstand free convection

(O Derive the equation of free convection
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boundary layer
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FLUID DYNAMICS
(momentum conservation)

Z F = Amomentumy jn_out

Assumptions:

Steady-state

2. Gravity is along negative y-direction

3. Apart from the effect on buoyancy, the fluid is incompressible
4 Boundary layer approximation is valid

—_

Forces F: Momentum,:
*  Shear stresses «  m,u = (pudy)u
»  Pressure .

myu = (pvdx)u
*  Gravity (volume force)

(%

*See appendix D2 for complete derivation ~ *Compare to W5L1-1h slide 16
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Governing Equations

boundary layer
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(momentum conservation)
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Using the same pressure-gradient in the boundary layer:
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“ox vay_gp "ayz P = Po=P
HEAT TRANSFER
(Temperature-driven density changes)
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Governing Equations — Boussinesy Approximation

boundary layer ou ou Ap 9%u
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Ideal gas: [ = % Other fluids (water-vapor included!): see Tables for 5
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Governing Equations

boundary layer
Quiescent ou ov
fluid — 3+ —=90 (Mass conservation)
dx Jdy
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UT—TV—=¢g — 1l Vo (Momentum conservation)
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oT oT 0 2 T (Energy conservation)
u a— +rv—=« Wl
Temperature-driven X ay ay Heat transfer
fluid-motion! includes
advection!
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Governing Equations

Forced Convection
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This Lecture

"6/ Introduction to Free Convection
‘6/ Governing Equations of Free Convection

O  Grashof number and Rayleigh number

Learning Objectwes |
nderstand free convection

er|ve the equation of free convection
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Governing Equations - Grashof Numher
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The choice of uy is arbitrary (no clear reference velocity): u% = gB(Ts — Te)L
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convection problems (it accounts for

thermal effects on the flow)
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Governing Equations — Rayleigh Number & Flow Conditions
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This Lecture

‘{ Introduction to Free Convection
‘{ Governing Equations of Free Convection
‘{ Grashof number and Rayleigh number

Learning Objectives:
Understand free convection

%erive the equation of free convection
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