Conditions:
Duct OD = 77mm
Duct ID = 75mm
Duct Length = 5m
Air Flow rate = 800 l/min
Air temperature entering duct = 200°C
Ambient temperature = 20°C
Material = 321 Stainless Steel  
1. The forced convection heat transfer coefficient between the air and the inside surface of the duct
2. The equivalent heat transfer coefficient across the wall of the duct
3. The natural convection heat transfer coefficient between the outside wall of the duct and the outside air at 20°C.

Item 1 can be determined from the heat transfer correlation presented in Fig. 14.3-2 of Transport Phenomena. This expresses the Nusselt number (dimensionless heat transfer coefficient) as a function of the Reynolds number for the flow and the Prantdl number of the air. From the ideal gas law, the density of the inlet air is	Comment by Jordan Brown: The correlation is supposed to use the air physical properties averaged over the bulk flow and the wall temperature. However, since these are initially unknown, they would have to be determined iteratively. So I have used the properties evaluated at the inlet air temperature (200 C). 

Density of inlet air: 
  = air density (kg/m3)			M = Molar mass (dry air)
P = absolute pressure (Pa)		R = Specific gas constant (K J/mol K)
T = Absolute temperature (K)






Mass flow rate:
Q = Volumetric flow rate



Viscosity of air at 200°C:



Reynolds Number:



6553>4000 which indicates that the flow Is turbulent
From the heat transfer = correlation (Fig 12.3-2 of transport Phenomena) see appendix A. At this Reynolds number the Nusselt number is given by 



Thermal conductivity of air at 200°C is 0.0382 
Initial internal heat transfer coefficient given by:


For conductivity through the wall of the ducting material, the heat transfer coefficient Is equal to the thermal conductivity  thickness of the wall. Thermal conductivity of the 321 Stainless Steel = 16.1 W/m.C therefore:



For natural convection heat transfer outside the ducting, Bird et al (transport phenomena) gives the equation for the outside Nusselt Number from a ducting with an atmospheric element on the outside. 


Where Gr = Grasof number:


g is gravitational acceleration due to Earth
β is the coefficient of thermal expansion (equal to approximately 1/T for ideal gases)
Tw is the surface temperature
 is the atmospheric temperature
D is the diameter
ν is the kinematic viscosity.
Where  is the coefficient of volumetric thermal expansion. The Nusselt number is going to be a function of the wall temperature itself, so the natural convection calculation is also going to be iterative. The higher the Nusselt number for the outside natural convection could be is if the outside wall temperature were equal to the inlet gas temperature, such that:






Therefore the max possible value of the outside heat transfer coefficient is:


Transport phenomena table 14.1-1 (see appendix B) proves that this value is consistent within the expected range.
Total heat transfer coefficient:
		




Solution for the differential heat balance equation for the ducting gives the following equation for the exit temperature of the air from the ducting


where A is the total heat transfer area in the duct 
Next, calculating the upper bound to the estimate of   in the above equation:


Sub into equation for exit temperature gives a lower limit to what the exit temperature can be 

°c



Appendices:

A)    
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§123 STEADY POTENTIAL FLOW OF HEAT IN SOLIDS
The steady flow of heat in solids of constant thermal conductivity is described by
Fourier's law q=-kvT 1231
"Heat conduction equation V=0 (1232
These equations are exactly analogous to the expression for the velority in terms of the
velocity potential (v = ~V¢), and the Laplace equation for the velocity potential (Vg =

0), which we encountered in §43. Steady heal conduclion problems can therefore be

solved by application of potential theory.




