HEAT TRANSFER
CONVECTION
Exercise 1
Determine the surface coefficient of convection for the inside of a pipe (50mm diameter), in which 6800kg of water per hour are being heated to an average stream temperature of 38°C. (For water at 38°C: k = 0.629 W/m.K,  ρ = 1000 kg/m3, µ = 0.680×10-3 kg/m.s, cp = 4.179 kJ/kg.K).   
Exercise 2
Steam at atmospheric pressure and 120°C passes in cross-flow over the outside of a tube (25mm diameter) with a velocity of 8m/s. The tube has a surface temperature of 160°C. Calculate the heat transfer rate by convection per meter length of tube. (For steam at 140°C: ρ = 0.537 kg/m3, µ = 0.0137×10-3 kg/m.s, k = 0.0279 W/m.K,               Pr = 0.998).   
Exercise 3
A single thin horizontal flat plate at 500°C is 200 mm wide × 135 mm long where the latter is the direction of the flow. Estimate the rate of convective heat transfer to air at 20°C assuming:
a) natural convection.

b) forced convection, with an air mean speed of 80 km/h.

From property tables for air at 260°C:

Density, ρ = 0.662 kg/m3


Dynamic viscosity, µ = 0.0285×10-3 kg/m.s


Thermal conductivity, k = 0.043 W/m.K


Specific heat capacity, cp = 1.04 kJ/kg.K

Exercise 4
The crankcase of a motor vehicle is in the form of a pan (456 mm long, 300 mm wide and 100 mm deep), with the long axis facing in the direction of travel. Estimate the convective heat transfer coefficient h when the crankcase temperature is 75°C, the air temperature 5°C and the vehicle road speed 80 km/h. The flow may be assumed to be entirely turbulent. (For air at 40°C: ρ = 1.128 kg/m3, cp = 1.01 kJ/kg.K, k = 0.0272 W/m.K, µ = 0.019×10-3 kg/m.s).
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Exercise 5

An air pre-heater comprises of 5 equi-spaced flat plates mounted horizontally in an 800 mm high × 750 mm wide rectangular duct. Each plate is 750 mm wide × 1 m long × 10 mm thick. The plates are electrically heated, with their temperature controlled at a steady 240°C. An I.D. fan draws the air through the duct at a rate of 5000 m3/hour. If the air entering is at a temperature of 20°C, determine:
a) the convection coefficient.
b) the rate of heat transfer by convection.

Assume that for air at 130°C:


Density, ρ = 0.875 kg/m3


Dynamic viscosity, µ = 0.23×10-4 kg/m.s


Thermal conductivity, k = 0.032 W/m.°C


Specific heat capacity, cp = 1.01 kJ/kg.°C

Exercise 6:

An unlagged horizontal steam pipe (38 mm outside diameter) has an outside surface temperature of 120°C. Calculate the rate of heat flow from the pipe by convection per meter length when:
a) the air temperature is 20°C.

b) the pipe passes through a water tank also at 20°C.

Assuming:

a) Air: for air at 70°C, properties are:

Dynamic viscosity, µ = 0.020×10-3 kg/m.s 

Density, ρ = 1.03 kg/m3

Prandtl number, Pr = 0.71

Thermal conductivity, k = 0.030 W/m.K

b) Water: for water at 70°C, properties are:


Dynamic viscosity, µ = 0.400×10-3 kg/m.s 


Density, ρ = 980 kg/m3


Prandtl number, Pr = 2.53

Thermal conductivity, k = 0.662 W/m.K


Coefficient of cubic expansion, β = 5.69×10-4 per °K
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