convective heat transfer
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dimensional analysis

forced convection

in a closed conduit

Variable Symbol Dimensions
Tube diameter D L

Fluid density p M/L’
Fluid viscosity [ M/Lt
Fluid heat capacity Cp Q/MT
Fluid thermal conductivity k OnLT
Velocity v Lit
Heat-transfer coefficient h ONntL*T

# of variables; 7
# of dimensions; 5
# of ranks; 4

# of independent dimensionless groups; 3
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natural convection

Variable Symbol Dimensions
Significant length L L
Fluid density P MIL?
p=py(1-PBAT) Fluid viscosity w MILt
Fluid heat capacity Cp Q/MT
Fbuoyant — ( o — ,0) g Fluid thermal conductivity | k o/LT
Fluid coefficient of thermal expansion B /T
F — AT Gravitational acceleration g Lit
buoyant 'ngo Temperature difference AT T
Heat-transfer coefficient h QIL*tT
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Laminar boundary layer

No matter how turbulent the
flow is far from the surface

Negligible viscous effect outside the
boundary layer

ou
8uX+_y:0
OX oY
0 0 0° 0’
olu, uy+uy Uy :—@er u2y+ u2y
X oy oy X2 oy

u,=0; ap =0 within the boundary layer
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Boundary conditions
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laminar boundary layer; Blasius
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the film temperature
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energy and momentum transfer analogy

Reynolds analogy ; for Pr=1 h(T —Tw):‘k@(T -T,)

iv_x _d(T_Tsj h:,U_deVX

dy v, |, Y (To—Ts ) Ve Ay,
coefficient of skin friction

C
T 21 dv C; h —Gt=_"
Ci= 20 =—— h:_(pvoocp) V_C 2
PV 12 pyg dy| o 2 PVatp

Colburn analogy ; 0.5<Pr<50, no form drag

C _ C
St Prz’?’=7f iy :7f jy =St Pr??

Colburn j-factor



turbulent flow
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convective heat transfer correlations

natural convection;
vertical plates, vertical cylinders,
horizontal plates, horizontal cylinders,
spheres, rectangular enclosures

forced convection for internal flow;
laminar flow, turbulent flow

forced convection for external flow;
flow parallel to plane surfaces, cylinders in crossflow,
single spheres, tube banks in crossflow,

special considerations;
whether to evaluate fluid properties at bulk or film temperature
what significant length is used
what is the allowable Pr, Re range for a given set of data



natural convection; vertical plates
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forced convection for internal flow

laminar flow; Graetz solution
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turbulent flow; Dittus and Boelter
Nup =0.023Re}’ Pr"

1. n=04 if the fluid is being heated, n=3 if the
fluid is being cooled

2. all fluid properties are evaluated at the

arithmetic-mean bulk temperature
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forced convection for external flow

flow parallel to plane surfaces

laminar;

turbulent;

Nu, =0.332ReY? Pr'’®

Nu, =0.664Re*Pr'®
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cylinders in crossflow
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