
Assignment on Convection

1. Differentiate between natural convection and forced convection

2. Explain the formation of thermal and velocity boundary layer on flat plate

3. Explain the significance of following

i) Nusselt number

ii) Grashoff Number

iii) Prandtl number

iv) Peclet number

4. Estimate heat transfer from 40 W incandescent bulb at 125 ◦C to 25 ◦C in quiescent air.

Approximate the bulb as a 50 mm diameter sphere. What percent of the power is lost by free

convection ?

Nu = 0.6 (Gr Pr)0.25

properties for air are;

ν = 20.55 × 10−6 m/ s2, k = 0.03 W/mK, P r = 0.639

[Ans: 19.278 %]

5. A hot square plate 40 cm X 40 cm at 100 ◦C is exposed to atmosphere air at 20 ◦C. Calculate

heat loss from both surfaces of the plate if (a)plate is kept vertical (b) plate is kept horizontal

Nu = 0.125 (Gr Pr)0.33 (for vertical plate)

Nu = 0.72 (Gr Pr)0.25 (for Horizontal plate upper surface)

Nu = 0.3 (Gr Pr)0.25 (for Horizontal plate lower surface)

properties for air are;

ν = 18.97 × 10−6 m/ s2, k = 0.028 W/mK, ρ = 1.06 kg/m3, cp = 1.008 kJ/kgK

[Ans: (a) 141 W , (b) 126.47 W]
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6. Calculate the heat loss from a human body which may be considered as vertical cylinder 30

cm in diameter, and 175 cm in height while standing in 30 km/h wind at 15 ◦C. the surface

temperature of human body is 35 ◦C. The air properties at 25◦C are;

ν = 15.33 × 10−6 m/ s2, k = 0.0263 W/mK, P r = 0.7

Nu = 0.664 Re0.5 Pr0.3

[Ans: (a) 129.37 W ]

7. 3000 kg of water is heated per hour from 30 ◦C to 70 ◦C through a heated section of 25 mm

square tube. If the surface of the tube is maintained at 100 ◦C. Estimate the length of section

and the rate of heat transfer from tube to water. Properties of water at 50 ◦C are;

µ = 0.355 × 10−3 kg/ ms, k = 0.667 W/mK, cp = 4195 J/kgK, ρ = 971.6 kg/m3

Nu = 0.023(Re)0.8(Pr)0.4

[Ans: Length = 304 m , Q = 1.398 × 105W ]

8. A refrigerated truck is moving on road at 90 km/h where ambient temperature is 50 ◦C. Truck

can be approximated a rectangular box of 10 m (length) X 4 m (wide) and 3 m (height). The

surface of the truck is maintained at 10 ◦C. Neglect the heat transfer from front and back

side of the truck. Calculate;

i) Heat loss from all surfaces

ii) The power required to overcome the resistance

Properties of air at 30 ◦C are;

ν = 16 × 10−6 m/ s2, k = 0.02667 W/mK, cp = 1.003 kJ/kgK, ρ = 1.165 kg/m3

Nu = 0.036(Re)0.8(Pr)0.33

[Ans: (a) Q = 272.3 kW, Power = 3.3385 kW ]

(Hint : Use following relations to calculate drag ; )

Cf =
0.072

(Rel)0.2

FD = Cf ×
1

2
ρAu2

P = FD × u
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