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The University of Calgary
Department of Chemical & Petroleum Engineering

ENCH 501: Transport Phenomena Quiz #5 November 10, 2009

Time Allowed: 40 mins. Name:

Cements hydrates and concretes are used for many applications in construction. This includes for home basements and
driveways, public buildings, walls of wells in petroleum fields, highways and airfield runways. As the materials cure and
harden, there is a risk of cracking due to thermal and other stresses. At a pre-cast plant, a thick slab is heated in different
ways to determine an optimal curing rate.

A concrete slab, initially at 8°C, is placed on the floor and radiant heat from lamps is beamed down
onto the top surface. For one of the tests, the flux of heat is varied linearly with time as:

q = q,(1 + bt) ; where q, = 1.2 kW/m?, b = 1.5(10*) W/m? s, and t is time from the start of heating -
in seconds.

Use the integral method to estimate:

a) the times required for the heat to penetrate into the concrete to depths of 10 cm and 25 cm,
b) the temperatures at the surface of the concrete slab at the instants for part a),

c) the total amounts of heat gained by the concrete at the instants of part a).

Assume no heat is lost from the concrete surface by convection into the room.

Data: Properties of the concrete slab
k=0.88 W/mK; p=2100kg/m’; C, = 1.6 ki/kg K
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