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General instruction(s):  

• Answer All Questions  

• M - Max mark; CO – Course Outcome; BL – Blooms Taxonomy Level (1 – Remember, 2 – 

Understand, 3 – Apply, 4 – Analyse, 5 – Evaluate, 6 – Create) 

• Course Outcomes Statements: 

• CO. 1: Solve the steady and unsteady heat conduction problems for simple geometries  

• CO. 2: Analyse the natural and forced convective heat transfer processes 

Q. No Question M CO BL 

1. A piece of aluminium weighing 6 kg and initially at a 
temperature of 300°C is suddenly immersed in a fluid at 20°C. 
The convection heat-transfer coefficient is 58 W/m2°C. Taking 
the aluminium as a sphere having the same weight as that 
given, estimate the time required to cool the aluminium to 90°C. 
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2. A 120 mm diameter orange (ρ = 990 kg/m³, cp = 4170 J/kg°C, 
 k = 0.58 W/m°C), approximately spherical in shape, is taken from 
a 35°C environment and placed in a refrigerator where the 
temperature maintained at 4°C. The average convective heat 
transfer coefficient over the orange surface is 12.8 W/m²°C. 
Determine the temperature at the centre of the orange after 2 
hours. 
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3. During the manufacturing process of hot steel pizza trays, the 
trays undergo a quenching process to rapidly cool them down 
for improved material properties. In this process, water at 10°C 
flows over a 1 m x 1 m hot steel pizza tray plate maintained at 
90°C, with a flow velocity of 2 m/s. Determine two key aspects: 
(a) the length of the plate over which the flow remains laminar, 
and (b) the total rate of heat transfer from the entire plate 
surface.  
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4. 

Determine the length of this duct needed to heat water flowing 
at 1.2 m/s from an inlet temperature of 40°C to an outlet 
temperature of 75°C, with the tube wall maintained at a 
constant temperature of 85°C. 
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5. In a dairy processing plant, a heat exchanger is used to cool 
heated milk before packaging. The system consists of a tube 
bundle where chilled water flows inside the tubes, and the 
cooled air crosses over them to extract heat from the milk. A 
tube bundle transfers heat, where water flows inside the tubes 
and air crosses over them. The staggered tube arrangement has 
an outside diameter of 16.4 mm, longitudinal pitch 34.3 mm, 
and transverse pitch 31.3 mm. The airflow passes over 8 
horizontal rows and 7 vertical columns in a staggered 
arrangement. The cylinder surface temperature is 70°C, while 
the air upstream temperature and velocity are 15°C and 6 m/s, 
respectively. Determine the air-side convection coefficient and 
the rate of heat transfer for the tube bundle. 
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Q. No Question 
1. 
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2. 
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Properties of water at 50°C are Density = 988.1°C,  Kine Vis= 0.556 *10–6 m2/s, Pr = 3.54 and k 
= 0.648 W/mK 
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